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Single-engined pursuits reach new heights of power as Republic 
produces for the U. S. Army Air Corps the P-47 Thunderbolt - 
supercharged for maximum performance at high altitudes. This 
new weapon of defense is designed around the 2,000-horsepower 
Double Wasp — latest and most powerful in a long line of 
dependable Pratt & Whitney engines. 

PRATT & WHITNEY AIRCRAFT 

EAST HARTFORD, CONNECTICUT 

ONE OF THE THREE DIVISIONS OF UNITED AIRCRAFT CORPORATION 



SQUADRON LEADER^ ASSEMBLY LINES 
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The SPEED NUT is the squadron leader because 
it is setting a new pace. It out-performs conven- 
tional fastening devices. It does more, with less 
weight, and does it faster. It stops vibration 
loosening, cuts costs and breaks all previous 
speed records. 

SPEED NUTS and Speed Clips are manufactured 
in over 700 shapes and sizes to hold bolts, 


TINNERMAN PRODUCTS, 


screws, rivets and studs. Made for metal, wood, 
ceramic or plastic applications. In thousands of 
cases throughout mass production industries, the 
SPEED NUT has answered the call for a finer, 
faster assembly at about half the total net cost. 

Simply send us your assembly details and we 
will furnish samples and engineering data 
promptly. 


INC. 2070 FULTON ROAD, CLEVELAND, OHIO 

•rs of Patented SPEED NUTS 



OVER A BILLION IN USE-OVER 700 SHAPES AND SIZES 
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"KEEP 'EM FLYING" 


TT takes a big ground crew to keep planes 
aloft; Houghton, which started in busi- 
ness a generation before man dared to fly, is 
proud today to be part of that ground crew. 

All the way from the foundry which makes 
the cylinder head casting, to the instrument 
board in the pilot's cabin, this organization 
plays an essential role. To name a few con- 
tributions: 

Hydraulic controls require hydraulic packings 
which will seal effectively at 50 ; below or 
160" above ... or from zero pressure to 
3000 PSI . . . yet not shrink, swell or disinte- 
grate. VIM Leather Packings, due to a newly 
developed impregnation, meets these de- 
mands. They serve longer, assure reliable, 
safe operation of the many hydraulic mechan- 
isms upon which flight depends. 

Planes are essentially metal, and metal work- 
ers know Houghton as a supplier of cutting 
oils and bases which the aircraft industry is 
buying in carloads to assure fine finish, faster 
speeds and longer tool life. Among many, 
we might mention special coolants for ma- 
chining aluminum alloys — non-staining, rapid 
in wetting action, high in film strength, heat 
absorption and stability. 


In the heat treat, Houghton appears as a 
maker of liquid salt baths and carburizers for 
the myriad of metal parts that have to be 
treated to increase tensile strength and pre- 
pare them to stand the terrific stresses and 
strains of power dives and 7-mile-a-minute 

In the foundry, Houghton furnishes HY-TEN 
Core Oil for probably 95% of all the air- 
cooled engine cylinder head castings being 
made today. Deep fins to provide greater 
cooling area require strong cores, and we are 
proud here, too, of the part these core oils 
play. 

Specialized lubricants for tough, heavy duty 
or high speed machinery . . . oils for hydraulic 
mechanisms of machine tools, which will also 
lubricate the tool itself . . . leather belting to 
drive machines at lower cost per unit pro- 
duced . . . rust preventives to halt corrosion 
in storage or shipment . . . 

All these, and more, are Houghton develop- 
ments which help to "keep 'em flying.” We’re 
never too busy to go into a huddle with any 
aircraft production man who has a problem 
along these lines. You can depend on that! 



E. F. Houghton & Co. 

Oils & Leathers for the Industries 

Chicago — PHILADELPHIA — Detroit 




Walter Kidde & Company, Inc., 722 West Street, Bloomfield, N. J. 


it's no more trouble to 
engine fire while fly- 
is to shut oil the motor, 
slender ring does the trick . . . 
that suddenly blasts out a 
dioxide snow-and- 
It fills the engine compart- 
with a fire-killing cloud that 
every tiniest crevice. This 
the LUX Built-in Extinguish- 

. . . completely! 
is extremely light — 
lbs. Action's easy — just 
pull a release. On larger planes 
LUX systems have flame detectors 
to give instant warning and a di- 
rectional valve to control fire in 


DOUGLAS WINGS PIONEER 



A NEW ERA OF SKY FREIGHT 


Day and night across our nation commercial airlines and the U. S. Army 
"Transport Wing” are meeting transportation emergencies of the rearma- 
ment program. These Douglas-equipped carriers give wings to express 
shipments, yes, and sky freight which the Air Corps speeds to its depots, 
aircraft factories and the Panama Canal. Using transports basically iden- 
tical with standard Douglas models, the Army profits by equipment that 
was developed for and proven by the commercial airlines. Thus Douglas 
wings are pioneering a new era of sky freight for a future world at peace. 

Douglas Aircraft Co. Inc., Santa Monica, Calif. 




Our assembly line had to be twice as 
jtut! Experts said: “Phillips Screws will 
cut fastening time in half." But how 
could 1 afford Phillips? 



wasteful screw-driving. And / had 
thought slotted screws cost less because 
their price is less — and 1 was wrong! 



THEY WERE 
TELLING ME HOW 
TO RUN 
MY BUSINESS 


...AND THEY WERE RIGHT 
ABOUT ASSEMBLY DELAYS! 



PHILLIPS SCREWS MAY CUT YOUR ASSEMBLY TIME 50% 

Look out for wasteful, slow-driving slotted screws — which, though they cost a few cents less than Phillips 
Screws, are much more costly in the long run. For further information on how your industry can speed 
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ALUMINUM 
DEFENSE, 
AND YDU 





ONLY TWO OR THREE YEARS AGO, peace-time consumption was 
down around the level of that horizontal blue line. 

NOTWITHSTANDING, even before the tragedy of Dunkerque started 
Americans thinking in terms of scores of thousands of planes, Alcoa went 
“all out” with a program which will mean the expenditure of nearly 
$200,000,000 of its own capital, so as to be ready for unprecedented demand. 

THAT IS EXACTLY WHY defense is getting NOW every month, millions 
of pounds more aluminum than was officially anticipated would be 
necessary. We produced 50,000,000 pounds last month against an average 
of 14,000,000 during the peace-time years 1930-8. 

ALTHOUGH WE ARE GOING AHEAD with further expansion because 
of an unforeseen need for aluminum, we are a bit proud that through 
our efforts to date, present defense needs are being met in full. 

THE SECOND GUESS, like hindsight, is always more intelligent, even 
when its figures are almost astronomical. 

BUT IT WAS THE COURAGE to spend our own money, before there was 
time for a second guess, that is delivering the aluminum for defense today. 


ALUMINUM COM 


Y OF AMERICA 



CHOOSE FROM OVER 1300 
STOCK SIZES AND MODELS 
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STEEL BENCHES 



QUICKER — EASIER — LESS EXPENSIVE IN THE LONG RUN— THAN TO MAKE YOUR OWN 
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Introduced by Bendix Aviation, Ltd., only 
three months ago after exhaustive tests 
in service and laboratory, (lfttt!S&42£MK 
have already been installed on numerous 
airplanes being produced for the U. S. 
Army Air Corps, the U. S. Navy, Com- 
mercial Airlines and the R. A. F. 

(USHlSC^i*MM completely satisfy 
the bonding requirements of Air 
Corps Specification 32310. 

Win or write us on your le 


The exclusive thermo-welded construc- 
tion — which permanently bonds the 
Neoprene to the clamp— offers the fur- 
ther advantages of less weight, less fire 
hazard, quicker assembly and permanent 
tightness. 

Bendix will continue to be able to supply 
any quantity of <U$lfi8£*AMM in all sizes 
due to special high speed automatic 
machinery which is already in operation. 
'head for complete engineering data. 


BENDIX AVIATION, LTD. 

Subsidiary of Bendix Aviation Corporation 
BURBANK, CALIFORNIA 


HYDRAULIC FOUR-WAY VALViS • RISTRICTOR VALViS • CHICK VALVES • POWER BRAKE VALVES • PRESSURE WARNING SWITCHES 





TO HELP THE AVIATION INDUSTRY WIN 

AGAINST TIME 

Continental -Diamond 

DON-METALLIC MATERIALS 

"are on the wing " 
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IBRE COMPANY 


"Manufacturers of Laminated Plastics Since 1911" NEWARK •DELAWARE 
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Stainless Steel gets rid of 

dead weight in control surfaces 


U-S-S STAINLESS STEEL 

AMERICAN STEEL A WIRE COMPANY, Cleveland. Chicago and New York 
CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, Sam Francisco 


UNITED STATES STEEL 






AIRPLANE CORPORATION 


★ For defense training, CPTP 
operators want and will get 
famous Silvaire trainers, avail- 
able with 65 hp. and 75 hp. 
engines. See your dealer today 
for full details or write Dept. N 


★ Having pioneered in the introduction of the 
World's fastest, sturdiest and lowest priced all- 
metal primary CPTP trainers, we are maintai n i n g 
our volume production facilities and thus stand 
ready to meet the demands of experienced oper- 
ators who need Silvaire metal trainers now and 
in the years ahead. 


★ We are willing, and able too, to devote our 
modern machinery, volume production technique 
and skilled workmanship to the construction of 
metal aircraft parts and components — the vital 
needs of current aircraft defense production. 


n$i iRcwiom, in t w jirseyB 







SpARTAN now offers ambitious young men the "chance of a life- 
time" — a unique opportunity to learn aeronautical engineering in £ 
school directly connected with a leading aircraft factory. 

Spartan "Executive” all-metal planes are known the world over as 
shining examples of superb creative engineering. At the Spartan 
Aircraft Factory, advanced students of the Spartan career course in 
Aeronautical Engineering serve a 12-week apprenticeship with ex- 
perts of the profession. Only at Spartan School of Aeronautics do you 


Mail This 

Coupon NOW 


Intense practical experience and thorough engineering study are 
blended to make this 24-month Spartan course one of the most valuable 
aviation courses available today. You learn engineering fundamentals 
under experienced instructors in Spartan's 27 modern classrooms, lab- 
oratories, shops and hangars! You test your skill and knowledge under 
the close supervision of the Spartan Aircraft Factory’s Chief Engineer 
and Plant Superintendent! You use expensive 
machinery and tools that only a modern school 
and factory can provide! You graduate with 
a practical knowledge of latest factory engi- 
neering and production methods! 

New semesters start July 7th and Sept. 29th 
Send Coupon Today for new 1941 Catalog and 
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“Ugh tiling" Interceptor 

Effective interception of modern multi-engine bombers requires 
and special type of pursuit plane. 

• Lockheed P-38, equipped with hollow steel bladed 
s Electric Propellers, is a l. S. Army interceptor pursuit 
•nished by its twin engines, giving a high rate of climb and 
exceptional altitude performance. 


CURTISS 

PROPELLERS 
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of Pioneer precision is reflected in the 
truth which is told by every Pioneer 
dial on your instrument panel. 

^fkone&L instrument 


DIVISION OF BENDIX AVIATION CORPORATION • BENDIX, NEW JERSEY, U.S.A. 
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REPUBLIC AVIATION 

THE LESSON OF CRETE . . .Now the world knows that no city, no defense works, 
not even an army, can be safe from annihilation without the protecting fury of 
high performance interceptor airplanes. Whether in vigilant defense, or to convoy 
bombers, effective fighter strength is indispensable to the command of the skies. 

In full recognition of this necessity, our air forces have made wise provision 
for the large-scale production of high altitude pursuit -interceptors, of which 
Republic Aviation’s P-47 Thunderbolt is the newest and most powerful. 

. REPUBLIC AVIATION CORPORATION 

REPUBLIC 

V AVIATION FARMINGDALE, LONG ISLAND, NEW YORK, U. S. A. 
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Air Power Scores Again 


» SINCE THE SINKING of the 
“Bismarck" and the Battle of Crete, we 
haven't heard so much from the older 
fellows who said airplanes weren’t 
worth much in warfare. The "Bis- 
marck” incident runs up the score for 
the torpedo plane as a naval type. While 
it is true that the planes didn’t do the 
actual sinking, they crippled what was 
probably the most formidable warship 
in the world and made it possible for 
pursuing ships to finish the job. It 
would have been extremely difficult, it 
not impossible, for British surface craft 
to perform this mission without the 
cooperation of the Fleet Air Ann (foi 
details of British Air Power, see page 
30.) 

» IN THE EASTERN MEDITER- 
RANEAN, at the same time the air- 
plane was proving its effectiveness in 
an entirely different way. Crete was 
used as a sort of bloody laboratory to 
try new methods of insular invasions. 
This is the most likely explanation of 
the supreme Nazi effort and diversifi- 
cation of methods used, both of which 
were out of proportion to the strategic 
importance of the objective. It is dan- 
gerous, however, to compare this ac- 
tion with the problem of the long 
awaited invasion of England, primarily 
because of the difference in the strength 
of defenses and the determination of 
the defenders. If this really is a re- 
hearsal, for the invasion of the British 
Isles, as the Germans would have 
the world believe, it is much more likely 
that it is practice play for a possible 
invasion of one of the less strongly 
defended of the British Isles. In any 
case it behooves the defenders of Brit- 
ain to be on the lookout for attack 
from the direction in which they least 


» WEIGHING THE EVIDENCE 
AVAILABLE, we must not jump to 
the conclusion that the airplane alone 
will solve all military and naval prob- 
lems. But doubt has long since passed 
that the aircraft is an absolutely essen- 
tial ingredient of that delicately bal- 
anced compound known as striking 
power on both land and sea. A squad- 
ron of torpedo planes alone would prob- 
ably all be swamped before they could 
do any damage to a battleship. But 
coordinate their activities with the 



The President has sent to the Senate 
the nomination of Ma). Gen. George H. 
Brett to the office o! Chiel of Air Corps. 

Deputy Chief' of Staff for Air. General 



proper proportion of bombers and pro- 
tecting aircraft with exactly the proper 
timing, and have the fleet ready to close 
in after the softening job is done, and 
you arrive at a result such as we saw 
in the sinking of the "Bismarck.” 

» THE COMPLETE PRACTICA- 
BILITY of transporting large numbers 
of troops by airplane and landing them 
under enemy fire lias been proved at 
Crete. While dive bombers harassed 
a ring of protecting warships, soldiers 
were poured on the objective through 
a huge aerial funnel until the equili- 
brium of attackers and defenders 
changed in favor of the invaders. Re- 
liable observers have said that the para- 
chutists were more successful than the 
glider-borne troops but that is no rea- 
son for us to forget about gliders in 
warfare. It is not impossible that multi- 
place engineless ships may be extremely 
useful in attack on certain types of 
defenses. We cannot afford to over- 
look any type of machine that is capable 
of going up into the air and landing, 
any more than we can disregard as use- 
less any type of vehicle that can be 
made to move along the ground. 

» WE DEFY YOU TO NAME any 
type of vehicle which is not used in the 
remarkable German military machine. 
In the invasion of the low countries, 
they used everything on wheels, includ- 
ing bicycles and mule-drawn buck- 
boards, so primitive that they have no 
brakes and their wheels must be lashed 
together with ropes while going down- 
hill. True, these operated far behind 
the front lines but they did their part 
in preserving communications and con- 
solidating gains. There is a place for 
everything in the properly balanced 
military machine. 
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E XPANDING 70% in 1940, Mid-Continent Airlines now serves 18 
cities. In flying its "fast commuter” schedules over "The Great Plains 
Route,” Mid-Continent uses TEXACO Aviation Gasoline and Texaco 
Aircraft Engine Oil 100%. 

Private fliers, looking for peak performance from their ships, should 
buy Texaco Aviation Products, because 

More revenue airline miles in the U. 5. are 
flown with Texaco than with any other brand 
The outstanding performance that has made Texaco FIRST with the air- 
lines has also made it first in the fields listed in the panel. 

These Texaco users enjoy many benefits that can also be yours. A 
Texaco Aviation Engineer will gladly cooperate in the selection of Texaco 
Aviation Products, available at leading airports in the 48 States. Phone 
the nearest Texaco distributing plant, or write : 

The Texas Company, Aviation Division, 135 East 42nd Street, New 
York, N. Y. 


THEY PREFER TEXACO 

★ More revenue airline miles in the U.S. 
are flown with Texaco than with any 
other brand. 

★ More buses, more bus lines and more 
bus-miles are lubricated with Texaco than 
with any other brand. 

★ More stationary Diesel horsepower 
in the U. S. is lubricated with Texaco than 
with any other brand. 

★ More Diesel horsepower on stream- 
lined trains in the U. S. is lubricated with 
Texaco than with all other brandscombined. 

★ More locomotives and cars in the U.S. 
are lubricated with Texaco than with any 
other brand. 



J 
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» ANOTHER TIP FROM THE 
NAZIS is found in the writings of Col. 
Hermann Focrtsch, of the German Gen- 
eral Staff. "Depth of Armament, — to 
manufacture and hold in readiness sup- 
plies of every kind, is today the especial 
responsibility of the military statesman 
*** A second army of laborers is neces- 
sary behind the front *** Here, too. the 
machine, as a weapon of war, exercises 
a profound effect.” All this sounds 
perfectly obvious and yet we find our 
military aircraft production beset by 
labor unrest. As this is written the 
labor outlook seems brighter, thanks to 
the prompt action of the President in the 
North American strike and to the labor 
leaders who disavowed the minority 
group which held the upper hand for a 
short period. By far the greater part 
of our workers are anxious to do their 
part in the defense program. There will 
be honest differences of opinion between 
workers and management which can 
and must be settled. But no matter 
how far apart these opinions may be. 
there is no earthly reason why the dif- 
ferences cannot be settled without stop- 
page of work. There must be no slack- 
ening in the greatest armament race of 
all history. 

» NEITHER LEGISLATION NOR 
BAYONETS provide a satisfactory 
solution to the problem with which we 
are now faced. The drastic action at 
Inglewood might have had serious con- 
sequences had it not been for the intelli- 
gence and tact of Col. Ladd and Lt. Col. 
Branshaw. The immediate solution is 
the removal of the few who constitute 
the disturbing element and who inter- 
fere with the sincere intentions of the 
many to do their part in the defense 
job. But the only sound solution is to 
select workers carefully and to teach 
them to appreciate the part they are 
playing and the importance of their 
individual jobs. The project is a part 
of public relations in their broad sense. 

» INDUSTRY HAS GROWN SO 
FAST that management has lost the 
"human touch” in employee relations. 
It is extremely difficult to preserve this 
close contact when it is no longer pos- 
sible for the head man to walk through 
the shop and call each of his workers by 
his first name. But there are other 
ways in which workers can be made to 
feel that they are human beings. And 
there are some very large organizations 
in which this is being done, and there 
labor trouble is licked before it starts. 
There was a day when the pioneering 
spirit in aviation tied everyone together, 
from office boy to president, in a close 
bond of personal attachment. No mat- 
ter how big we grow, there will be 
nothing but grief ahead for those who 
lose this sense of human values. 


» HOLIDAYS, STRIKES, AND 
SHORTAGES cut into the produc- 
tion score for May which slumped to 
1,334 military planes. This compared 
with a revised figure oi 1.389 for April. 
Although this is more than double last 
summer's monthly rate, it should have 
been better. The North American shut- 
down will play havoc with the total for 
June, since this company is in the top 
rank of producers. If sabotage were 
the motive of this strike, there could 
not have been a more effective spot at 
which to inspire a stoppage, since 
North American has had a large as- 
signment and has been a leader in de- 
veloping production methods by which 
to perform its task. 

» BUT WE MUST NOT FORGET 
that a strike in some little plant at 
Timbucctoo, whose relation to aircraft 


IT PAYS TO 


fFZY 


production may be scarcely discernible, 
may slow up one or more of the largest 
aircraft manufacturers. As subcontract- 
ing spreads, there will be more and 
more vulnerable spots where labor trou- 
ble may delay production all along the 
line. Even the smallest subcontractors 
must handle their employee relations 
with the greatest of care. 

» MILITARY MEN HAVE often 
been known to be hesitant about com- 
mitting themselves, but not so with the 
pair of generals who got together re- 
cently on the appraisal of the Civilian 
Pilot Training Program. Much credit 
is due the courage of Brig. Gen. Daven- 
port Johnson, new head of Air Corps 
training activities, and Brig. Gen. Don- 
ald Connolly, Administrator of CAA. 
As a result of their collaboration, 
General Johnson has testified to the 
value of the CPTP before Congress, 
clearing the way for future appropria- 
tions and justifying priorities for ma- 
terials for the manufacturers of CPTP 
planes. (For details, sec page 112). 
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and nearly as tough to build! 

Internally ground with utmost care, the massive cylinder units of 
Bendix Pneudraulic Shock Struts for America's modern heavy bombers 
call for the highest degree of machining skill, and for machine tool 
equipment of large capacity and finest precision character. 

Landing -Gear dimensions and proportions must always be gov- 
erned by the weight and the landing and take-off characteristics of 
each individual airplane model. There can be no such thing as “stock" 
specifications for so vital a unit! 

Bendix Landing- Gear Equipment, precisely engineered for its 
specific task, is part and parcel of a very high percentage of the very 
highest type of modern military and commercial aircraft. 
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» Miss American Aviation for 1941 
is Miss Carolyn Cassidy, of Louisville 
Kentucky. It was Birmingham, Ala., 
that crowned her. Before that she was 
Miss NAA, and Miss Kentucky Avia- 
tion. NAA says that Miss Cassidy “is 
a sparkling personality, well chosen to 
typify the aviation spirit of 1941. Much 
will be heard of her in the months to 
come,” says the Washington News- 
letter. Sounds fine, and we are sure 
that NAA will see to it that we keep 
on hearing of Miss Cassidy. But we 
would like to know just how this 
sparkling young lady typifies aviation 
in this fateful year. Does she typify 
a 2000 hp. gadfly with eight machine 
guns and three or four 20 and 37 milli- 
meter shell guns spitting destruction? 
Does she typify a winged monster with 
a belly-full of torpedoes, whose glass 
nose holds a man in a cold sweat, riding 
down a howling dive against a stream 
of pom-pom fire? Because if she does, 
we shall be just a little afraid of her. 
But if she typifies a little plane taking 
us up high at dusk to see a second 
sunset, why then we want to hear 
more about her, and might even be bold 
enough to ask for the next conga 
if we got a chance. 


» A grim example of what can happen 
to people in the occupied countries of 
Europe comes out in a letter received 
the other day by a Dutch friend of 
ours, from his parents in Holland. The 
letter says that Albert Plesman, presi- 
dent of Royal Dutch Air Lines, has 
disappeared and they assume he is in a 
concentration camp. The reason is, they 
say, that the Nazis tried to force him 
to throw the resources of his line into 


the war, and he refused. This refutes 
a vicious story that was circulated 
about Plesman some months ago. Ac- 
cording to this story, Plesman, at the 
time the Germans took Holland, was at 
one of the Company’s airports. On the 
pretext of showing the field staff a 
plane that was out on the line, he called 
them all out of the hangars and build- 
ings. While the staff was thus en- 
gaged, the Nazis took possession of the 
field. When one of the staff men 
saw what had happened, he whipped 
out a pistol and shot Plesman dead 
on the spot. Now, our Dutch friend 
wants you to know that the story was 
a malicious invention; that Plesman 
has stood by his country, and has 
paid the penalty. Mr. Plesman's first 
visit to this country was vears ago, 
about 1927. He came to look over our 
night flying operations, which were 
just beginning then. He was a big, 
ruddy-faced, jovial fellow. We per- 
sonally showed him around Sail Fran- 




» OUR BUREAU OF MISSING 
PERSONS DEPARTMENT. By the 
way, whatever did become of those 
fellows who used to claim that airplanes 


» BEDTIME STORY OF THE 
MONTH. Once upon a time, in fact it 
was such a short time ago as 1935, one 
of the largest aircraft manufacturers 
used to consider that if he could get 
three millions in military business per 
year he could keep his plant operating 
on an even basis — no profit, no loss. 
Tough selling it was too, to get that 


much business! Considering what one 
reads in the papers nowadays, children, 
isn’t that very, very funny. 

» FOR THE FIRST TIME in a long 
while the Intrepid Aviator was in the 
office the other day for a re-fueling 
from our box of stogies. Said that 
while he was certainly in favor of the 
President’s 56,000 war-plane program, 
he didn’t think it was a good idea to 
concentrate so much on four-engined 
long-range bombers as they would be 
very impractical for barnstorming after 
the’ war. 



» POSSIBLY it was just a coinci- 
dence, but there might have been some 
connection between the start of the 
baseball season and the public’s getting 
thoroughly angry when “Str-r-r-ike 
three” was called on the vital defense 
industries. 
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Above: Victors Wellington bombers. Below 
Fairer Swordllsh of the fleet air arm. 



BRITISH AIR POWER 

How it is organized and coordinated with land and sea forces 


By Major F. A. de V. Robertson, V.D. 


A IR power, according to British ideas, 
must be capable of use in three 
ways: — (a) as an independent force, 
(4) in support of the navy, and (c) in 
support of the army. This British con- 
ception of air power is more advanced 
than that of most foreign nations, who 
regard it mainly as an auxiliary for the 
army. Some nations have also a small 
naval air arm. Italy is the- only other 
country in which the air force is a 
separate and independent service. Ger- 
many, in particular, trained her Luft- 
waffe to work in conjunction with her 
army, and when it was doing so it was 
very successful, but when called upon 
to undertake a purely aerial campaign 


Air cooperation with the Royal Navy 
is provided in two ways, by the Fleet 
Air Arm and by the Coastal Command 
of the Royal Air Force. The Fleet Air 
Arm is a branch of the navy, and is 
manned by naval officers and ratings. 
Its aircraft are all carried in warships, 
some in aircraft carriers and others in 
capital ships and cruisers. Two main 
classes of aircraft are taken in carriers, 
(a) fighters, which in some cases can 
also be used as dive-bombers, and (4) 
torpedo - spotter - reconnaissance ma- 
chines, known for short as TSR. Be- 
cause of the limited space in a carrier, 
each type of machine usually has to be 
able to perform more than one function. 


and for that reason among others these 
ship-planes never have such a good per- 
formance as corresponding classes of 
shore-based aircraft, which are de- 
signed for a single purpose. 

The machines carried on capital ships 
and cruisers are always seaplanes, 
sometimes with twin floats and some- 
times small flying boats. They are 
launched into the air by means of a 
catapult, and after a flight they have to 
alight on the water beside their ship. 
They are then lifted on board by a 

A fleet is usually accompanied by one 
or more carriers, whose fighters protect 
it from hostile air attack, while its TSR 
machines scout, spot for the guns, and 
deliver bombing and torpedo attacks 
when the enemy ships are out of range 
of the fleet's guns. When cruisers are 
on independent missions, as were the 


Exeter, Ajax, and Achilles in the bat- 
tle of the River Plate, their own cata- 
pult seaplanes scout for them and direct 
the fire of their guns. 

As ship-borne aircraft never have 
such a good performance as shore-based 
aircraft, it is far better that the latter 
should be entrusted with reconnaissance 
work in the narrow seas and, in fact, 
all round the British Isles. The body 
which undertakes this work is the 
Coastal Command of the Royal Air 
Force. It is not part of the Royal Navy, 
but works in the closest collaboration 
with the Admiralty. Its main duty is 
to see and report everything that goes 
on in the seas, but its aircraft are al- 
ways ready to bomb enemy submarines 
or other targets, and they will always 
fight if they encounter enemy aircraft. 
The Coastal Command uses both flying 
boats and landplanes. The flying boats 
are slower, but have a longer range. 
They fly far out over the Atlantic and 
to the northern fjords of Norway. For 
shorter trips, such as to Holland or 
Southern Norway the landplanes are 
usually employed. This command also 
has some squadrons of three-seater 
fighters, as there are occasions on which 
it is necessary for machines to fight 
their way in to get the information 
that they want. 

The Air Force and the Army 

The British Army, unlike the Royal 
Navy, has no air arm of its own. All 
its air work is done for it by the RAF. 
There are, however, certain RAF 
squadrons allotted for permanent duty 
with the army, and they are called 
Army Cooperation Squadrons. They 
actually work under the orders of the 
generals who command corps or divi- 
sions. Up to 50 percent of the pilots in 


these squadrons are army officers sec- 
onded to the RAF and holding tem- 
porary commissions in the air force. 
While so employed they are addressed 
by their air force titles of rank and 
wear air force uniforms. 

The duty of these squadrons is tactical 
reconnaissance, that is to say, examining 
and usually photographing all disposi- 
tions and movements of the enemy up 
to about 50 miles behind his front lines. 
They also spot for the artillery, ob- 
serving the fall of the shells and send- 
ing corrections by wireless until the 
latter have actually hit the target. Very 
special types of aircraft are used for 
this work (the present type is the West- 
land Lysander. a high-wing monoplane) 
and they are all two-seaters. The pilot, 
who is always an officer, not only flies 
the aeroplane but also acts as the ob- 
server. He sends wireless messages, 
takes photographs, makes notes, and 
studies every movement and change of 
position which he sees. In the seat be- 
hind him is an air gunner. The pilot- 
observer thus knows that he is pro- 
tected against a surprise attack from 
the rear, and so can concentrate on his 
observations. In these days of clever 
camouflage it is not easy to read the 
meaning of what is seen from the air, 
and the officers need careful training 
for their work. They are all sent to a 
School of Army Cooperation before 
being posted to an A.C. Squadron. 

The army needs more than tactical 
reconnaissance ; it needs also strategical 
reconnaissance far behind the enemy's 
lines. Certain squadrons of the RAF 
with machines of longer range than the 
Lysander are trained to do this work. 
The army also needs bombers to destroy 
targets which are beyond the range of 
its artillery, and it needs fighters to 
(Turn to page 168) 






passenger, non-revenue passenger, mail, express, excess 
baggage and liberal estimate for company material, indi- 
cates that the average plane load did not exceed 2,375 lb. 
per revenue-mile flown for the fiscal year 1940. On most 
DC-3 flights — standard air transportation — the permissible 
payload is much higher than 2,375 lb. and even on smaller 
planes there is usually considerable unused capacity between 
the actual average load and the permissible load for any 
given flight. 

That unused available capacity on the average passenger 
airliner is of tremendous importance in the air cargo situa- 
tion. For example, on the 32 scheduled winter flights daily in 
one direction from New York to Chicago, 300 lb. additional 
express on each flight would total 5 tons per day, or a 
good load for even a large-size cargo plane. It is obvious 
that if more of this empty capacity for air express were 
used there would be no appreciable increase in flying cost 
to air lines such as there is when cargo planes are added 
to regular flying schedules. An extremely high passenger 
load factor cannot be maintained without inconveniencing 
passengers, but unvocal shipments spread between all air 
lines serving a given route can assist in building up the 

If the cargo traffic moving in one direction during the 
rush shipping hours of one or two days of the week between 
certain points exceeds the available cargo capacity on the 
passenger planes of the various lines, an extra section would 
quickly clear away this excess and at far less flying cost 
than one or more permanent cargo schedules being added 
by the competing lines serving that route. The agreement 
between the Express Agency and the air lines fully pro- 
vides for flying freight as well as lighter shipments, and that 
agreement contemplates various types of cargo service, 
including expedited, deferred, freight and full plane loads. 
The Express Agency is as well equipped for handling the 
latter types as the other types, since it already handles 
l.c.l. freight for the railroads at 1.033 cities and towns. 

There are three major reasons for fluctuations in air 
cargo traffic. The flow is appreciably greater from east to 
west and from north to south. There arc four well defined 
peaks in the year — March. June, October and December — 
with corresponding valleys. A test at LaGuardia Field, 
New York City, showed that Tuesday, Wednesday and 
Thursday are the heaviest shipping days. Fortunately the 
last two peak conditions do not normally ’fall in peak 


passenger period, which helps the express situation. 

Air express rates set by the air lines in August, 1934 
have been in effect ever since, except for a minimum rate 
rise from 85c. to ?1 slightly over two years ago. Rates 
are based on a formula of 4c. a pound per 100 miles with a 
maximum of 96c. a pound when the shipment travels more 
than 2,350 miles. The increase of the minimum in 1938 
made no ascertainable difference in the number of low- 
weight shipments sent, but it did increase their revenue 
over 17 percent. 

Charges for short-haul shipments are relatively low con- 
sidering the special pick-up and delivery and handling 
included in air express service. Shipments up to 2a lb. 
are flown between New York and cities in the radius of 
Albany, Hartford and Philadelphia for $1 : between New 
York and Boston. Washington and Baltimore from $1 to 
S’: and between New York and Buffalo, Richmond and 
Pittsburgh from $1 to $3. 

Approximately 15 percent of all shipments are under 350 
miles and produce 8.77 percent of the revenue. The accom- 
panying table shows the percentage of shipments and their 
revenues for all groups of distances for the month of 
April, 1939. 

There is no fixed relationship between air express and 
rail express rates since they are computed on an entirely 
different basis. Generally air express rates are several 
times those of rail express and the spread between the two 
generally increases with weight and distance. When most 
people speak of high air express rates they quote trans- 
continental. Actually the proportion of cross-country busi- 
( T urn to page 152) 


AIR EXPRESS . . . 
and Where It's Going 


In the midst of the current 
discussions on air express, here are some 
important figures published for the first 
time. 

By C. Gilbert Peterson, 

Chief Engineer, Railway Express Agency, Inc. 

W HATEVER form of air transportation emerges in the 
United States from the present world upheaval — 
whether air express or air freight or both — Railway Express 
Agency, Inc., with more than 100 years of transportation 
experience, fourteen of it pioneering in air express, has a 
nation-wide organization of 57,000 expressmen completely 
set up to handle it. 

At present the volume of air express is such as gen- 
erally can be carried on the passenger airliners. Neverthe- 
less, the revenue from this operation which went to the 
air lines after the direct cost of sales, advertising, insurance 
and other ground expenses of the Express Agency in the 
last six months of 1940 averaged $6,395 a day. The air 
lines fly the shipments. The agency does everything else. 
It is seldom that the air companies are put to additional 
flying expense or loss of other revenue because of express. 

All air express is flown at rates set by the air lines. 
These, in general, are high enough to net the air lines more 
per mile for 200 lb. of express than for carrying a passenger 
and his baggage weighing the same amount. Examination 
of the figures reported to tile government for various 
classes of traffic flown on the air lines, including the paid 




to Work 


By Harvey L. Williams 

Editors Note: Recognizing the increasing urgency for speed in the delivery 
of defense products, the hugeness of the defense load confronting industry 
and the very considerable production facilities that might, but have not 
yet, been turned to the manufacture of defense items, the editors asked 
the author of this article to answer the questions “How may a maximum 
of the country's production capacity be coordinated with the requirements 
of the defense program and placed in production on defense products? 
Why do available manufacturing facilities stand idle while the demand for 
output multiplies? Is there any plan that might put a larger proportion 
of present machine tools and other production equipment to work now?” 
The author is recognized as an authority on such matters as “farming out” 
and subcontracting, having organized the first state-wide production facility 
survey made In the U. S. to increase the output of military material and 
having continuously developed methods and procedures for increasing sub- 
contracting during the past two years as an adviser to state associations 
of manufacturers, state commissions, the National Industrial Council, and 


" ' ftFFICE of Production Manage- 
U ment reports that 50 percent of 
this country's machine tools either are 
idle or working less than 8 hr. a day; 
that some way must be found to put these 
tools to work. . . . OPM suggests that 
owners of idle machine tools sell them 
to companies with defense orders.” 

In such language did a national 
news magazine describe the condition 
prevailing less than 90 days ago. 

Can these idle and partially idle ma- 
chine tools be put to work in defense 
production? Of course, they can. Is 
concentration of prime contracts in the 
hands of a small percentage of indus- 
trial companies, or an unwillingness by 
such companies to subcontract, the 
reason why unused facilities have not 
been put to work ? Decidedly not There 
is plenty of work for subcontractors. 
Work is seeking plants capable of under- 


taking it. With shortened delivery dates 
and expanded defense production, a 
greater demand for subcontractors will 

Is excessive cost of subcontracted 
material a deterrent to subcontracting? 
In some cases it is. In many it is not. 
Cost is becoming secondary to speed of 
delivery. This does not mean "the lid 
is off” but merely that when a somewhat 
higher cost is justified by a faster 
method, of manufacture, the higher cost 
has been faced analyzed and met in 
some cases already. 

What then is the basic reason why 
"farming out,” "bits and pieces" or sub- 
contracting. has not absorbed idle ma- 
chine tool capacity? Why are some 
committees inundated with subcontracts 
and orders with resultant labor, plant 
and housing shortages, while others are 
offering to raise local capital funds for 


any company that will establish a local 
industry ? 

The basic answer is failure to or- 
ganize an effective country-wide plan. 
Subsidiary answers are lack of educa- 
tion of manufacturers and of coordina- 
tion between potential sub and prime- 
contractors. Where good local planning, 
education and organization of agencies 
and industry have prevailed, subcon- 
tracting is flourishing. Important in 
such organization is education of manu- 
facturers to what they can do individu- 
ally — to the urgency of their doing their 

their community and the good of the 
country. Important is "on-the-ground" 
coordination between potential sub- 
contractors and prime contractors. 

While effective local programs are 
producing results, no simple, standard- 
ised, effective program for the whole 
country has been put in operation, which 
reaches down to the doorstep of every 
manufacturing plant and machine shop 
with machines suitable for defense pro- 
duction — which gains and holds the 
support of state agencies, trade associa- 


similar groups by providing a single, 
definite program in which all may co- 
operate — which recognizes and uses the 
valuable, constructive progress made in 
individual communities or states during 
the last 14 months. No single pattern 
of organization and field operation has 
been developed through which the prime 
contractor’s search for subcontracting 
facilities is shortened to the utmost and 
through which the prime contractor 
knows that one similar procedure exists 
in every community to bring him 
speedy, useful assistance. 

Organization of such a plan under 
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these districts are 2.049 plants that are 
participating in the program described 
in this article. The following list gives 


Beverley 20: 4 Boston 403: 5 Brockton 
38: 6 Cambridge 253; 7 Clinton 18; 
8 Everett 63; 9 Fall River 61: 10 Fitch- 
burg 35: 11 Foxboro 9; 12 Framing- 
ham 23; 13 Franklin 21; 14 Gardner 

17 Haverhill 16; 18 Holyoke 69; 19 

Middleboro 28; 25 New Bedford 83: 26 
28 Polmer 27: 29 Pittsfield 13; 30 Plym- 

bridge 37: 33 Springfield 39: 34 Taun- 
ton 31: 35 Uxbridge 19: 36 Watcham 
28; 37 Westfield 18; 38 Worcester 167. 


high national leadership is practical 
and possible. Using procedures already 
tested in use, it can be placed in opera- 
tion with the cooperation of industry, 
throughout the country in a short 

Such a plan was sought by and sub- 
mitted to War Department officials in 
January 1941. It recommended decen- 
tralized, nation-wide organization to 
bring defense production to the man- 
agement of every machine shop and 
manufacturing plant in the United 
States, in terms which owners could 
understand, in a manner which can co- 
ordinate the facilities of potential sub- 
contractors and the requirements of 
prime contractors with minimum effort 
by both. 

Phases of this plan have been tried 
in the field — partly in Massachusetts, 
partly in Rhode Island, during the past 
five months. Desirability of the methods 
involved have been demonstrated by 
successful results obtained. In a nation- 
wide application of these principles, 
without further delay, lies the answer 
to spreading defense production rapidly 
and efficiently — for making use of our 
present plant facilities as fully as pos- 
sible. 

Such a program recognizes two 
fundamentals in defense production, 
considered from the viewpoint of the 
average manufacturer or shop owner: 

(a) Defense materials are new, un- 
familiar products. That means the av- 
erage manufacturer knows nothing 
about them or their component parts. 
The significance of such a condition is 
evident if you imagine yourself a dic- 
tator with the job of having industry 
produce $40,000,000,000 of new, un- 
familiar articles in minimum time. In 
that position what would you do? In- 


itially you would do just what the War 
and Navy Departments have done. You 
would place orders for finished aircraft, 
tanks, ships, ammunition and ordnance 
with large concerns capable of organiz- 
ing the production of complete units on 
a quantity basis. 

Then, what would you do for smaller 
organizations destined to supply parts, 
accessories, equipment, etc. ? There are 
said to be some 250,000 such companies 
and shops. Would you supply each with 
a list of prime contractors, leaving the 
rest to the imagination and initiative of 
the individual management or owner? 
If you did, you would encounter inertia, 
delays and disappointments because 
men do -not know the nature of these 
new products. Some executives would 
spend the time and money to find out. 
Many others wouldn’t and have not. 
How much better to discover what each 
of the 250,000 plants can produce effi- 
ciently and coordinate that ability with 
the requirements of one or more of your 

But to do that with so many estab- 
lishments means wide decentralisation 
of effort and leadership. It requires a 
standardised procedure for all parts of 


the country. It requires a plan that 
reaches each of these 250,000 plants and 
provides their managements with a 
friendly, intelligent, ncar-to-home con- 
tact with the defense production effort. 

Every machine shop owner and manu- 
facturer cannot be expected to educate 
himself to the nature of many defense 
products. The more he attempts to do 
so, the more time of defense officials 
and prime contractors' personnel he 
wastes. If his ability to produce is 
adequately* appraised, if that ability and 
the needs of a few appropriate prime 
contractors are integrated effectively, 
he is provided with the opportunity to 
make defense products with minimum 
expenditure of his own and others 
time, money and effort. 

(5) Without near-to-home aid or 
persuasion, many manufacturers will 
not undertake defense production. There 
are still those who want no government 
business in their plants. They have per- 
sonal prejudices against dealing with 
government agencies, having govern- 
ment inspectors in their shops, comply- 
ing with certain contract stipulations, 
etc. Yet their capacity is urgently 
(.Turn to page 142) 
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Acrobatics Are Easy ! 

This is Part III of a series on acrobatics which should be oi interest to all pilots 


By Daniel J. Brimm, Jr. 

W E trust that by this time you have 
recovered front the inverted spin 
in which you were involved when we 
left you last month. You will perhaps 
be glad that you have had experience 
in this maneuver when you begin prac- 
tice of the next on the list, which is 
the half slow roll. 

The Halt Slow-Rol! 

Conscientious practice of the in- 
verted coordination exercise should 
have given you a good foundation for 
this maneuver, which consists oi the 
first half of a slow roll followed by the 
second half of a loop, and is illustrated 
in Fig. 1. This may sound very simple, 
but there are some factors involved 
which require consideration. 

The fact that we are striving for 
precision in these maneuvers is one 


oi the factors. Almost any kind oi 
a ham pilot can get the ship on its 
back in some fashion, and haul back 
on the stick. But to stop the roll 
when the ship is exactly inverted, and 
then complete the loop smoothly, re- 
quires good timing and familiarity 
with the upside-down position. An- 
other factor which must not be over- 
looked is the matter of imposing 
severe stresses on the airplane. It has 
been previously pointed out that the 
speed of the ship increases rapidly 
in inverted flight unless the nose is 
kept in the proper position with re- 
spect to the horizon. If the speed is 
high before the half-loop is begun, 
it will obviously become excessive in 
the vertical dive which must be ac- 
complished before normal flight is re- 
sumed. Pulling out at high speed may 
pull off the wings 1 On the other hand, 
if the maneuver is properly performed, 
the stresses will be little, if any, more 


severe than those encountered in a 
good loop. 

The half slow roll is performed as 
follows: with the throttle set at cruis- 
ing speed, ease back on the stick until 
the nose is well above the horizon — 
about the position for a good, steep 
climb. Assume that the roll is to be 
made to the right. As the speed drops 
to 90 m.p.h., apply full right aileron 
and enough right rudder to maintain 
direction. This direction may be 
checked by a mark on the horizon or 
a cloud, as in the case of the full 
slow roll, but it is better to go back 
to the straight road in line with the 
wind. You will no doubt recall this 
type of landmark, which was used in 
executing the loop, Cuban eight, and 
other maneuvers. The road is more 
satisfactory than the cloud when per- 
forming the half roll for the reason 
that when you have completed the 
maneuver you will have changed your 
direction 180 deg. and can no longer 
see any object on the horizon which 

ncuver was begun — unless, perchance, 
your neck is made oi rubber and you 
can twist your head around in line 
with the fin. As the ship rolls past 
the position of a 45 deg. bank, left 
rudder must be applied, together with 
forward pressure on the stick, just as 
in the full slow roll. In fact, all of 
the instructions pertaining to the full 
slow roll are applicable here until the 
ship is fully inverted, and hence will 
not be repeated. 

As the ship reaches the fully in- 
verted position, the rudder and ailerons 
are neutralized and the throttle closed, 
the stick being kept well ahead. Hold 
this inverted position for a few sec- 
onds, meanwhile glancing at the air- 
speed indicator. This should register 
about 80 m.p.h.; if it shows more, get 
the stick further ahead until the speed 
drops to the desired figure. Then 
quickly, but smoothly, pull the stick 
straight back as far as it will come. 
As the ship begins to level out after 
the dive, ease the stick ahead and open 
the throttle to cruising position, as in 
the recovery from a normal loop. We 
hope that you are now lined up with 
the road and headed in the opposite 
direction. If not, you did something 




wrong; let’s see if we can determine 

If you are headed to the left of 
your proper course, you either held 
left rudder on too long or did not roll 
quite to the fully inverted position. 
Conversely, if you are headed to the 
right of the road, you either applied 
right rudder when you were sup- 
posed to have the rudder in neutral, or 
else you rolled past the inverted posi- 
tion. If your left wing is low as you 
recover, it is another indication of 
not rolling far enough; if the right 
wing is low, you rolled too far. 

If you pushed the stick too far 
ahead while you were upsidedown, let 
the airspeed drop too low, and in addi- 
tion left the rudder on too long, you 
are now probably in a nice inverted 
spin. Weil, we told you you’d be glad 
you practiced that maneuver and know 
how to get out of it. 

If, on the other hand, you paid tin 
attention to the airspeed indicator, let 
the nose drop and the speed jump up, 
you probably felt like you were going 
to push the bottom out of the seat when 
you pulled back on the stick. Now 
here is some information that you should 
read carefully and remember, since it 
may save you from "blacking out” or 
even wrecking the ship. If you discover 
that you have too much speed when 
inverted, DON'T PULL OUT ; ROLL 
OUT ! In other words, simply complete 
the roll you started. By rolling right- 
side-up, you eliminate the vertical dive, 
and return to normal flight without in- 
creasing the speed which is already too 
high. This practice should be followed 
not only in the half slow roll but at any 
time you let the speed sneak up on 
you during inverted practice. The alter- 


native is to push the stick ahead and 
slow the ship down in this way, but it 
you do, you'll swear your neck has 
stretched a foot, not to mention the 
fact that your feet are likely to fly off 
the rudder pedals unless you have them 
pretty well braced. And if they do, 
you may have some trouble getting them 
back on again. 

By the time you have eliminated any 
and all of the above-mentioned faults 
(though if you followed instructions, 
you shouldn’t have developed them) you 
should be ready for the next maneuver. 

The Half Roll and Reverse Roll Out 

This maneuver is considered by some 
instructors to be quite difficult. If, how- 
ever, you have practiced the maneuvers 


previously discussed, you will have no 
difficulty with it at all. It consists 
simply of a half roll in one direction, a 
short period of inverted flight, and a 
half roll in the opposite direction, which 
brings you back rightside-up again, we 
hope. No illustration is necessary. 

Execute the maneuver as follows : per- 
form the first half of a normal slow roll, 
bringing ailerons and rudder to neutral 
as the fully inverted position is reached. 
Hold the inverted position as long as 
you wish. Then, assuming that the half 
roll has been made to the right, move 
the stick all the way to the left, and 
apply left rudder. As the ship ap- 
proaches the vertical bank, ease the for- 
ward pressure on the stick so as to 
( Turn to page 170) 
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SPERRY 

A LESSON IN 
INDUSTRIAL PLANNING 

By Carl Norcross Managing Editor, Aviation 


T OM MORGAN, president of the Sperry Corp., 
sat in his large office high up in New York’s 
Radio City and talked about national dclense. 

"The one important question in America today,” 
he said, "is this: what is necessary to increase 
production ?’’ 

Sperry, under Tom Morgan's general direction, 
is one of the defense firms that knows how to 
answer that basic but difficult question. The right 
answers are being found at Sperry because for years 
its top men have had a deep conviction that the 
chief asset of any business is its man power. Like 
other simple truths, this sounds elementary, but it 
is a fact that has escaped many business organ- 
izations. 

“If we, as a corporation, are different from other 
organizations,” continued Mr. Morgan, "the differ- 
ence lies in our fundamental conception of our 
employees. To us the man on the job is the 
company. Our strength is in our man power. 
Every advance we have made, in our products 
or our methods, has come from a man or a group 
of men. Therefore we know we must keep our men 
satisfied if we are to continue our progress. An 
employee can't do good work if he has a lot of 
worries. We believe it is our job to relieve him 
of as many worries as possible concerning his earn- 
ing and the security of his work. If a man is not 
producing, either he was not chosen properly for 
the job or he has not been given a job which 
allows him sufficiently to use his ability. 

"Each of our three companies has a periodic 
rate review for merit and performance; group life 
insurance; sickness, accident and surgery benefits; a 
suggestion plan and other incentives. In short, we 
have the best organized personnel set-up that we 
know how to develop.” 

At Sperry the basic policy concerning relation- 


ships between management and men is not something 
that has been "sold” to an indifferent board of 
directors by an outside personnel man who wants 
to create a job for himself. Nor is it a fair- 
weather policy of a personnel department which the 
officers of the firm tolerate as long as it is not 
too expensive. Sperry's conception of man power 
is part of its long-range attitude toward industrial 
planning. It is a living part of the entire Sperry 
Corp. because it has developed from the firm con- 
viction in the minds of Tom Morgan, R. E. Gillmor, 
Hannibal Ford, Thomas Doe, Harry Vickers and 
the other leaders of Sperry companies and depart- 
ments that this is the way to run a business. 

Many examples of the working out of this philos- 
ophy could be cited. One of the best is the organ- 
ization of the engineering groups, under chief engi- 
neer P. R. Bassett, in the Garden City Laboratories 
of the Gyroscope Co. The 120 engineers there are 
a self-governing group, led by a committee of about 
20 men. Approximately 100 separate projects are 
now going on, each headed by a project chief. The 
unique feature about this organization is the amount 
of freedom given to even the newest man. There 
is complete freedom between department heads and 
between juniors and seniors, without imposing any 
restraints or requiring that the employee proceed 
through channels. To make this possible, and yet 
to reduce confusion, each man must keep his imme- 
diate senior informed of matters for which the senior 
may be held accountable, matters in dispute, and of 
progress being made. Subject to these simple rules, 
any man may go directly to any other man to 
discuss problems. 

The result has been a minimum of petty jealousies, 
departmental politics and prejudices that delay crea- 
tive work. Freedom of mind and freedom of action, 
backed by engineering talent, have brought Sperry 
research to such a practical point that last year 
two-thirds of the total dollar volume of the corpo- 
ration was from products that did not even exist 
ten years ago. Problems that engineers are working 
on today in Brooklyn, Long Island City, Detroit 
and Watertown will bring new products for the 
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defense program, Sperry’s quiet but efficient expan- 
sion from employees numbered in the hundreds up 
to the present total of 15,000 and front the occu- 
pancy of a relatively small amount of floor space 
to that of 14 entire buildings— this has gone 
unheralded. And expansion to date is just beginning. 

Although the 15,000 men and women of the Sperry 
Corp. compose but a fraction of all those hundreds 
of thousands engaged in defense work, the work 
they do and the products they turn out have an 
importance far beyond that indicated by mere num- 
bers of employees. For the products made by these 
15,000 are unique products. No one else manu- 
factures them. They end up in our bombers and 
battleships, in our anti-aircraft batteries, in our 
artillery units, as well as in the production equip- 
ment in most national defense factories. The name 
Sperry is indelibly woven in the fabric of defense. 

To most of us Sperry means gyroscopes and, as 
such, the Sperry Gyroscope Co. But this is only 
one of the three major production units of the 
corporation. The other two are the Ford Instrument 
Co., and Vickers, Inc. Actually the corporation has 
five manufacturing units in all, as the Gyroscope 
Co. has a subsidiary, Sperry Gyroscope Co., Ltd., 
which is the British branch and which operates 
two large factories: and Vickers has a subsidiary in 
the Waterbury Tool Co. of Watcrburv, Conn. 
British employees of Sperry are not included in the 
15,000 figure. These various production divisions 
combine to form the corporation, which is one of 
the most admirably organized industrial units that 
can be found. 

Each of the three principal units performs a highly 
specialized engineering and production job, but the 
engineering talents and the products of one group 
mesh with those of the other two as precisely and 
smoothly as the intricately cut gears of a Sperry 
product. The scope of the corporation’s activities 
are described as the development and manufacture 
of precision equipment used for navigation on the 
sea and in the air : for defense against air attack : 
to increase the efficiency of naval gunnery and mili- 
tary artillery; and the development and manufacture 
of an extensive line of hydraulic equipment. Even 
a cursory study of the breadth of this program 
brings a realization of why the Army and Navy 
look upon Sperry as an essential defense organization. 

As a corporation, Sperry has five general types 
of activities. In volume of output, the first is anti- 
aircraft defense. At a time when aerial warfare 
is the most important kind of military activity, it is 
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logical that a great deal of emphasis be placed on 
anti-aircraft protection. Sperry is playing an 
important role in manufacturing equipment to com- 
bat air attack. 

The second field of activity, in volume, is the 
production of instruments and equipment for the 
Army and Navy which the government classifies as 
confidential. 

Its aviation activities, important as they are, rank 
third in volume in the total Sperry Corp. output. 
Aviation products include such well-known items 
as the directional gyro, the gyro horizon, the auto- 
matic pilot, and the direction finder. 

Hydraulics is the fourth, and least known, field 
of Sperry activity. Hydraulics itself is little known 
to the average person except as he has learned of it 
in connection with the brake-operating mechanism 
of his automobile. And the names of Vickers, Inc., 
and the Waterbury Tool Co., the two big names in 
American hydraulics, are unfamiliar except to engi- 
neers and are infrequently associated with that of 
Sperry. Hydraulics has an industrial future far too 
important to confine it in a brief sentence. Of this, 

Marine equipment composes the fifth section of 
Sperry manufacturing. There is scarcely a ship of 
any size afloat that does not include equipment bear- 
ing the Sperry nameplate. There arc gyro-pilots, 
gyro-compasses, searchlights, course indicators and 
steering indicators, 
marine equipment. 

It is an interesting 
Corp. that while 

as its first products in 1911, the firm has gone on to 
develop so many new products that marine equip- 
ment is now surpassed in volume by the four other 
divisions. Sperry had a few good products back 
before the first World War, but had it been content 
to remain in the small field in which it was then 
engaged, it would still be making only gyro-pilots 
rudder indicators and compasses for ships' use. 
Instead it took its good products, modified them 
for aeronautical use and refined and improved them 
year by year. Through constant research, its engi- 
neers have established many “firsts” with other 
products. The Gyroscope Co. alone now has over 
100 different products, as well as 100 different 
research projects now actively going on. Just as 
the heads of the firm saw the possibility of the new 
field of aviation back in 1913, so they 
of hydraulics in 1935 and possibilities of the klystron 
tube in 1939. 

"Each of our three companies is strictly 
onions,” Mr. Morgan recently told the 
( Turn to page 166) 
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Reducing Stacking Delays 

This is what is being done in Chicago and New York to improve the instrument 
approach of commercial transports. There is still room for greater efficiency. 

By C. H. McIntosh. Instructor in charge, Chicago Pilot Training School, American Airlines, Inc. 






THE DEVELOPMENT OF 


Aircraft Spotwelding 

Production engineers expect great things from spotwelding. This 
is an account of what Lockheed has been doing in this new field 

By Mabel M. Rockwell, Production Research Engineer, Lockheed Aircraft Corp. 


T HE spotwelding of aircraft materials 
(mainly aluminum alloys) is funda- 
mentally more difficult than the spot- 
welding of automotive materials 
(mainly steels). The reason is that 
steel has high electrical resistance and 
low heat conductivity, hence passage of 
a moderate current will generate suf- 
ficient localized heat to make a good 
spotweld. 

Aluminum alloys, on the other hand, 
have low electrical resistance and high 
heat conductivity; hence very heavy 
•currents and pressures must be used. 
Even then, most of the generation of 
heat occurs at the surface of contact 
between the sheets being welded. 

These conditions have imposed dif- 
ficulties which have somewhat retarded 
the application of spotwelding in the 
aircraft industry. However, of recent 
years development has come very 
rapidly. It is the purpose of this paper 
to describe such development as it has 
occurred in one aircraft factory. 



The spotwelding 
installation at 
Lockheed originally 
consisted of one or 
two small machines 

welded map cases, 
scrap-baskets, and 
other unimportant 
parts. The real de- 
velopment began 2J 
years ago when 
Lockheed pur- 
chased two large spotwelders and 
began to work on secondary structural 
parts such as window and door frames. 

These welders, which are still doing 
yeoman service, are rated a nominal 
450 kva., but actually impose a 2,000 
kva. demand on the power supply when 
a spot is made in heavy material. They 
are converted from fixed electrode to 
roll-spotwelding. 

The heavy kva. demand of these 
welders, plus the requirement that the 
voltage at their terminals must not 
drop more than 10 percent when that 
demand is imposed, necessitated the 
provision of a very large power supply 
system. A high-voltage line was built 
to Lockheed and a substation of large 
capacity installed. Also, it was neces- 
sary to install within the plant, adja- 
cent to the welders, special low-re- 
actance transformers to step-down the 
voltage from 2,300 to 480 volts. 
(These incidentally could be eliminated 
under modern conditions with 2,300- 
volt spotwelders now available.) 

Tribulations were at first encountered 
in getting these machines into opera- 
tion, due to the newness and complexity 
of the control equipment; but these 
troubles were gradually overcome and 
a research program was undertaken to 
establish proper calibrations and settings 
for the machines and a proper technique 


and roll welder, with GE controls, welding 
part of a fuselage bulkhead to a floor sup. 


in using them. This work will be dis- 
cussed in more detail in a later section. 
As a result of the work, the strength 
and consistency of spotwelded joints 
were brought to such a high level that 
the Civil Aeronautics Authority gave 
Lockheed approval for extending the 
use of spotwelding to some parts of the 
primary structure such as skin-stiffener 
combinations. This gave a great im- 
petus to further spotwelding develop- 
ment and led to considerable increase in 
the amount of equipment installed. 

The Spotwelding Power Supply Problem 

The increase in requirements for 
spotwelding equipment in turn brought 
to the fore a very serious problem — 
namely, the magnitude of the power 
supply necessary for such equipment. 
The additions to the power supply 
described in the previous section cost 
about $70,000 and took care of about 
six spotwelders. If this were to be mul- 
tiplied by five or ten, the cost would 
obviously be excessive, and further- 
more, the local electrical utility would 
be unable to handle such a huge demand 

At this point a saving factor ap- 
peared in the form of the "stored 
energy” type spotwelder first introduced 
into this country two years ago by a 
French firm. To understand the ad- 
vantage offered by this type of machine 
it should be pointed out that the older 
machines such as those first installed 
at Lockheed, are simply single-phase 
alternating-current transformers which 
make the spotweld when their second- 
aries are short-circuited through the 
material to be welded. They thus im- 
pose a very heavy electrical demand for 
a short period — of the order of 1 to 20 
cycles (1/60 to 1/3 second). The 
"stored energy” spotwelder introduces 
a new principle — that of charging the 
transformer up slowly with magnetic 
energy, then discharging it quickly to 
make the weld. Tlte charging is usually 
done through a three-phase rectifier. 
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The demand on the power line imposed 
by the slow charging process is much 
lower than that which would correspond 
to the quick welding discharge. It is 
like filling a bucket from a small faucet 
and then throwing the contents sud- 
denly on a fire. 

The stored-energy principle met with 
so much favor from public utilities and 
users alike, that American manufac- 
turers took up a similar development. 
Some of the types now being brought 
out operate by charging a bank of con- 
densers instead of a magnetic coil. The 
great need at the present time is for 
this principle to be extended to roll 
spotwelders. 



The primary advantages of roll spot- 
welding are speed and consistency. 

In the roll spotwelder, a pair of large 
water-cooled copper-alloy wheels is sub- 
stituted for the fixed electrodes of the 
ordinary spotwelder. The upper wheel 
is driven, the lower one idles. The 
work is fed between the wheels and 
the automatic electrical control passes 
current at fixed intervals. Such a 
machine was at first used only for so- 
called “seam” welding, where a con- 
tinuous row of overlapping spots is 
laid down to make a scam impervious to 
moisture. Such a process is not very 
practical for heavy aluminum alloys, 
however, due to excessive warping 
caused by the great amount of heat sup- 
plied to the seam by the passage of the 
current. It has been found better to 
space the spots i in. or more apart and 
so duplicate the effect obtained in ordi- 
nary spotwelding, except that the speed 
is greater. One particular reason for 


increased speed is that the rolls can be 
continually dressed down by an idler 
device and it is not necessary to stop 
for frequent cleaning of the electrodes, 
as in the case with the fixed-electrode 
machines. 

The continuous dressing of the rolls 
also contributes to better weld quality, 
as the electrodes are always in good 
condition. 

Roll welders now in operation at 
Lockheed can turn out from 100 to 140 
spots per minute. They can average 
30,000 spots in an 8-hr. shift, if the 
work is properly designed and sched- 
uled. They are particularly effective on 
long straight runs such as large skin 
panels to which numerous stiffeners 
have to be attached. 

Elimination of Wolding Troubles 

It has been necessary to work along 
a number of lines in order to bring 


spotwelding to the smooth-running 
state in which it now appears to be. 
The first research was along the line 
of eliminating “bugs” which interfered 
with consistent welding. The tendency 
at first was to blame all these on the 
complicated electrical control system; 
but it was gradually found that a great 
many of the troubles were actually 
accounted for by deficiencies in two 
factors — the mechanical system and 
the cleaning of the surfaces to be 

Mechanical Troubles 

Consistent maintenance of the proper 
pressure is essential to successful spot- 
welding, because pressure controls the 
surface contact resistance. In many 
machines pneumatic force is used to 
produce electrode pressure, and if the 

the airpressure will drop when the 
machines are operated rapidly, and 
mysterious troubles will ensue. It was 
found necessary to install a large air 
receiver near the welders to overcome 
this trouble. Hydraulic pressure sys- 
tems should be a helpful improvement. 

Friction in the moving head of the 
welder may be the source of very 
elusive troubles due to erratic pressure. 
This is more likely to occur in ma- 
chines having the "press type” or 
direct-acting cylindrical head, than in 
the rocker-arm type. The latter are 
subject to inertia effects, however. 

Probably the greatest single cause 
of spotwelding trouble is improper 
surface preparation. Oil, grease, or 
paint left on the surfaces to be welded 
produce cracked, burned, weak, or even 
"blown” spots. Careful cleaning is 
essential, and in most cases it is also 
necessary to remove part of the oxide 
film which always covers the surface 
of aluminum alloys. 

Theoretically this film should be an 

(Turn to page 162) 
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Electric Arc Welding 

OF AIRCRAFT STRUCTURES 


By Ralph Thorne 

Foreman, Tube Structures Department, 
Vuttee Field Div., Vultee Aircraft, Inc. 


U ULTEE AIRCRAFT is probably 
the first large aircraft builder to use 
electric arc welding for volume produc- 
tion of primary fuselage structures. We 
have now assembled many hundred 
steel tube fuselages by the electric arc 
welding method and are currently ex- 
panding our rate of production very 
materially. Time has proved the ad- 
vantages of the electric arc for air- 
craft welding and various other plane 
builders have now adopted it. 

This swing to electric welding is not 
in any sense a criticism of the time- 
honored technique of gas welding. Both 
methods produce welds of equal qual- 
ity. For smooth appearance of the fin- 
ished weld it is not possible to surpass 
the gas welding technique. But the 
electric welding process does possess 
the advantage of superior speed. We 
have found that the welding operation 
can be speeded up approximately 25 
percent through electric arc welding. 

The reason for this has nothing to 
do with the quality of the weld or the 
relative heat at which the metal is 
fused, but it is due to a combination of 
several factors. First, the arc is a 


simple mechanism to handle, in that 
heat and flux are combined in one 
instrument, as compared to the separate 
rod and torch of the gas process. 
Second, there is no heating up period 
with the electric arc as there must be 
with the torch; as soon as the arc is 
struck, instantaneous welding tempera- 
ture is produced. Third, the intense 
heat of the arc allows immediate weld- 
ing at each particular point along the 
weld, and constantly if a long weld can 
be considered as a succession of small 
individual welds, the arc quickly out- 
strips the torch which requires, in 
effect, a heating up period at each 
small spot. Last, because of the intense 
immediate temperature in the arc 
process, the heat is concentrated and 
confined to a relatively small area with 
little radiation, whereas with the torch 
there is considerably more dispersion 

Since a production gain of 25 percent 
is quite important, especially now in 
connection with national defense work, 
it may be asked why electric arc weld- 
ing was not applied to aircraft pro- 
duction sooner. The answer is a com- 


bination of reasons. The technique of 
electric welding is somewhat more dif- 
ficult for a man to acquire than that of 
gas welding. The electric welding con- 
trol equipment was not until recently 
of sufficient precision and flexibility to 
permit the rather precise and delicate 
work required in welding thin-walled 
steel tube such as is used for aircraft. 
It is obvious that a gas flame may be 
controlled to a wide range of heat and 
may be adjusted to concentrate or dif- 
fuse that heat as required. It has not 
been so easy to obtain this flexibility of 
heat control in an electric arc, though 
equipment now available does meet the 
problem satisfactorily. 

As for training personnel, we have 
found that this is simply a question of 
adequate schooling. The technique of 
electric welding is not unduly difficult 
for the average man to acquire. We 
have trained dozens of electric welders 
at Vultee without any special trouble. 
Student welders are given a course of 
training in a local public school under 
the instruction of competent Vultee 
men. These classes are offered as a 
part of the National Defense Training 
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ameter or composition. Welding rod 
manufactured to very high standards 
of precision is now available. 

From the standpoint of convenience 
there is little to choose between in the 
electric arc and gas equipment. The 
gas cylinders and the electric welding 
machines are about equally heavy and 
bulky, and the electric power wire with 
its heavy insulation is about as much 
trouble to handle as the gas supply 
tubes to the oxy-acetylene torch. The 
electrode holder is a little lighter than 
the gas torch, and there is some advan- 
tage in obtaining the power supply from 
the plant electric system, as compared 
with the shipping and storage prob- 
lem presented by use of gas cylinders, 
or the provision of gas generators. 

Our welders are P. & H. Hansen 
machines of 150 amp. capacity vertical 
type and 200 amp. horizontal type re- 
spectively. The rod is a mild steel, 
heavily coated with a welding flux, and 
varies in diameter from A in., 
through 5/64, and 3/32 to J in., depend- 
ing on the welding operation. Practi- 
cally all of our welding work has been 
on X-4130 steel tubing ranging in di- 
ameter from J in. to 2i in. 0. D., and 
varying in gage from .031 to .120. The 
work done with the electric arc covers 
about the same field as that usually 
done with a gas torch. We do a con- 
siderable amount of fitting and cluster 
welding, where steel plates are welded 
to tubing of varying sizes. A great 
many steel sheet or steel plate brackets 
are electric welded to the primary 
structures for attachment of accessories. 
One very great problem of electric arc 
welding has been the cutting of tubes 
to provide a more precise joint at the 
point of weld. It is not possible to weld 
a joint where the gap varies as widely 
as is standard practice with gas weld- 
ing. This has required the develop- 
ment of special equipment for profiling 
tube ends to produce a precision joint 
It has been possible to adapt milling 
(Turn to page 164 ) 


Program. Many of the men taking 
these courses have been former electric 
welders on heavier industrial work, and 
others have been young men who have 
had preliminary instruction in public 
schools, or elsewhere. The course is 
devoted almost entirely to developing 
manual dexterity on the part of the 
welder, with such instruction in the 
theory of electric welding and familiari- 
zation with various types of equipment 
and work as may be necessary. In 
selecting men to receive this course we 
give all likely applicants a welding test 
and from this preliminary bout with the 
electric arc we usually select about one 
out of every five applicants. The suc- 
cessful applicants are then put into the 
school and for the next few weeks they 
practice welding under close super- 
vision. At the end of that time all 
the welding students take the standard 
Army-Navy welding test and an aver- 
age of about 90 percent of the students 
pass satisfactorily. The other 10 per- 
cent are put back on practice work for 
an additional week and then again take 
the test. Very few men fail on this final 
test. Following their certification as 
welders these new men are put on small 
parts subassembly welding work for a 
trial period. From time to time the 
men for major welding work are drawn 
from the small parts welding depart- 
ment. By the above method it will be 
obvious that every opportunity is given 


for development of the required skill. 
No man is given work on welding of 
primary structures until he has proved 
his qualifications through the double- 
check system outlined. 

In addition to this pre-employment 
training program, supplemental trade- 

offered to Vultee employees. Many 
excellent welders, most of whom have 
had metal fitting or other experience in 
the steel structures department of 
Vultee, are developed in these classes. 

One, other problem which has slowed 
the adoption of electric arc welding for 
aircraft work, and which is now being 
solved satisfactorily, is the supply of 
suitable welding rod material. Aircraft 
work is so exacting that the welding 
rod must not vary appreciably in di- 
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B-26 bomber tail surfaces, built on sub- 
contract by Goodyear Aircraft Corporation 


(/Par/s 

...with 30 years of 
“know how” 

T O help meet the nation’s need for planes 
and still more planes, Goodyear is serving 
the aviation industry with all the skills ac- 
quired in our thirty years’ experience in aero- 
nautical engineering. 

Today, through our subsidiary Goodyear Air- 
craft Corporation, we are manufacturing numer- 
ous essential parts that come within our wide 
knowledge of light metal alloy fabrication for 
aircraft construction. 

These parts include wings, nacelles, floats, tail 
and other surfaces, now being produced on 
subcontract for primary airplane manufactur- 
ers, including The Glenn L. Martin Company, 
Consolidated Aircraft Corporation, Curtiss- 
Wright Corporation and Grumman Aircraft 
Engineering Corporation. 

At the same time our output of airplane tires. 


Goodyear airplane 
tires, tubes, wheels 
and Hydraulic Disc 
Brakes, famous for de- 
pendability, are built 
for all types of ships 


tubes, wheels, brakes and other airplane acces- 
sories is at its all-time high, and increasing 
every day 


This, with our production of bullet-puncture- 
sealing rubber linings for gas and oil tanks, 
flotation bags, quick inflatable rubber boats 
and other life-saving equipment, makes Good- 
year the nation’s foremost supplier in this field. 


By this “all out” cooperation with the aviation 
industry, Goodyear is pursuing the same for- 
ward-looking policy it has long maintained with 
automobile and motor truck manufacturers — 
namely, to serve as a mass-producer of quality 
parts developed out of our close association 
with all transport problems. 


The high quality and 
year products is at- 
tested by their uni- 
versal use on all 
types of aircraft. 


dependability of Good- 








Electric Power Aloft 

By W. H. Fromm, The Dumore Company, Racine, Wisconsin 


T WO power systems for the operation 
of aircraft accessory equipment are 
in use: electric and hydraulic. Although 
they are employed on many of the same 
applications by the industry, they are 
not strictly competitive, as each has 
its place. In many instances both sys- 
tems are used on the same airplane. 
The purpose of this paper is not to 
discuss the relative advantages of the 
two systems, but to describe the per- 
formance characteristics and construc- 
tion of fractional horsepower electric 
motors and to assist the design engineer 
in specifying the motor characteristics 
he needs. 

The type of electric motor to be 
used depends primarily on the power 
supply. On the majority of today's air- 
planes a d.c. system with a voltage of 
12 or 24 is used, although 120-v. d.c. 
is used on some large airplanes. An- 
other type of power supply is the high- 
frequency a.c. system, generally 110 v., 
400 cycles, 3 phase. This system, how- 
ever, has decided advantages only for 
the largest airplanes. 

In electrical aircraft motors the cast- 
ings are usually of aluminum, although 
magnesium is coming into wider use. 
Tfie latter metal is not as strong struc- 
turally but since it is S lighter than 
aluminum it possesses an important ad- 
vantage, which is only partly offset by 
the disadvantages of corrosion and care 
necessary in machining. Aluminum 
parts are generally anodized for protec- 
tion against corrosion and magnesium 
parts are dipped in a pickling bath. 
Motor housings may be open, enclosed 
or explosion-proof. The open motor 
may. or may not have a built-in ven- 
tilation system, depending upon the 
duty cycle. Enclosed motors are gen- 
erally not ventilated, but if ventilation 
is necessary on a continuous-duty appli- 
cation to keep weight down cooling air 
may be supplied through pipes con- 
nected to the motor housing. Increas- 
ing stress is being laid on explosion- 
proof motors, particularly in military 
aircraft On fuel pumps, of course, they 
are a necessity, but on any application 
where the motor is mounted in the 
engine compartment, in the pilot's com- 
partment or near fuel tanks or lines 
it is probably desirable to use explo- 
sion-proof motors. 

Electrical connection to motors may 
be made through several means. Ter- 
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minal leads may be brought out through 
the housing to be spliced to conductors 
of the airplane supply system or ter- 
minal studs may be mounted on the 
outside of the housing. There is an 
increasing demand, however, for air- 
craft connectors, particularly in the 
military field. The Army and Navy 
have standardized on receptacle and 
plug dimensions and three or four 
manufacturers now supply them. These 
light-weight connectors, which are usu- 
ally of the polarized type, serve the 
dual purpose of conveniently and posi- 
tively connecting and disconnecting the 
motor and completing the radio shield- 
ing circuit to ground. 

Applications for electric motors on 
aircraft will naturally depend to some 
extent on the size of the airplane. On 
light sport planes whatever accessories 
there are are nearly always manually 
operated. As the improvements and 
conveniences on these craft increase 
through expanding production, how- 
ever, a substantial new market for 
small electric motors should be opened. 
Undoubtedly, the private owner will 
eventually demand power-operated wing 
fiaps and retractable landing gear. The 
motor manufacturer will be ready with 
light, inexpensive motors. 

Single-engined commercial or pri- 
vate aircraft having a gross weight of 
about 2,500 lb. represent the smallest 
ships on which electric motors are 
generally used today. Wing flaps and 
retractable landing gear are perhaps 
the only motorized equipment in this 
group. Both wing flaps are operated 
by a single motor with built-in gear 
box, usually mounted in the fuselage 
and driving through flexible shafts, 
chains or torque tube. Landing gear 
is retracted by means of one geared 
motor mounted centrally, or two mo- 
tors mounted in the wings near both 
wheels. Both motors are small, high- 
power units designed for intermittent 
service. Limit switches are employed 
on both flaps and landing gear to con- 

On single-engined military craft, with 
exception of trainers and reconnaisance 
airplanes, two additional motor appli- 
cations may be present because of the 
high-performance engines used : cowl 
flaps, for regulating engine tempera- 
ture, and oil cooler flaps, for regulating 
( Turn to page 150 ) 
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Aviation's Unlimited Emergency 


By Selig Altschul 


T HE subordination of all business 
activity in tile interest of national 
defense has become an actuality with 
the proclamation of an unlimited emerg- 
ency by the President. While virtually 
complete powers — both active and latent 
— have previously been available to the 
President, such control was of little 
significance as long as vagueness sur- 
rounded the defense effort. 

Along with the psychological effect of 
stimulating rearmament activity, the 
President’s statement left little doubt as 
to what lies ahead. Notice has been 
served on industry, capital and labor 
that every other effort will henceforth 
be subordinate to defense activity. It 
appears that the government is deter- 
mined to absolutely control all elements 
of every phase of our war materials 
production. The entire economic pat- 
tern of the country may be altered in 
the process. 

To the aviation industry — whose very 
existence has been wrapped up with 
governmental edicts — this should be no 
new experience. Along with all in- 
dustrial enterprises, however, the avia- 
tion group may well note certain pas- 
sages in the President’s address. Capi- 
tal was clearly told that it would not be 
permitted to make or be allowed to 
retain excess profits. Here again, air- 
craft builders have long been limited 
by statute as to what profit margins 
may be exacted on government awards. 

Of immediate practical significance 
was the admonition directed at labor 
leaders to follow recommendations of 
government mediators in all labor dis- 
putes. Active implementing of this 
policy should remove a serious threat 
to smooth production in the aviation and 
other industries. The President also 
has the power to suspend the provisions 
of the 8-hr. day law on government 
contracts. 

Private industry itself is far removed 
from any protective position. The 
“draft industry’’ provisions of the Selec- 
tive Service and Training Act of 1940, 
empowers the President to enforce com- 
pliance of all orders for defense ma- 
terials. Upon notice from the Secretary 
of War or the Secretary of the Navy 
that any individual or firm has inter- 
posed any objections whatsoever to such 
an order or to the price arrived at as 
fair remuneration by the War or Navy 
Department, the President may take im- 
mediate possession of the needed facili- 
ties. In such event, the government 


may pay only what it regards as just 
compensation for such facilities by out- 
right acquisition or on a rental basis. 
No longer will a court determine what 
is “reasonable” compensation, as was 
done during the first World War. 
Moreover, heavy fines and imprison- 
ment sentences await any individual or 
group refusing to comply with govern- 
ment orders. 

The direct action taken by the Army 
in the North American Aviation case 
is a clear-cut indication that the period 
of rhetoric is over insofar as the Gov- 
ernment is concerned in settling labor 
disputes. Defiance by short-sighted 
labor leaders in the face of Government 
demands to return to work while the 
issues are being mediated, was detri- 
mental to the workers involved. Every 
major labor dispute settled by Govern- 
ment mediation has been settled by a 
wage increase. 

While it is difficult to project the 
duration and scope of operation by the 
Army, it is likely the plant will be 
returned to private management before 
very long. Even under continued Army 
operation, the equity holders will most 
likely receive just compensation for 
their interests. The fact further remains 
that the Government — directly and in- 
directly — has a greater interest in the 
North American plant than the- share- 
holders. 

To further tighten control over all 
civilian activities, the Administration is 
reported as seeking from Congress, new 
powers to requisition private property 
of "any kind.” These new powers are 
broad enough to cover privately-owned 
airplanes, railroads, ships, and a wide 
variety of other properties used in 
private enterprise. 

It is this “unlimited national emer- 
gency” declaration together with the at- 
tendant drastic powers available to the 
government, which may facilitate the 
redoubling of armament production of 
every type — with emphasis upon air- 

Towards this end — an expanded pro- 
duction program for heavy bombers has 
been launched by OPM. Primarily in- 
tended to attain a monthly goal of 500 
big four-motored bombers by the fall of 
1942, additional aircraft manufacturing 
facilities are being pressed into service 
together with the automotive industry 
assuming increasing responsibility in the 
new schedule. 

The RFC has set aside 650 million dol- 


lars for this new expansion of produc- 
tive capacity in aircraft, aluminum and 
magnesium to accommodate the acceler- 
ated program. Of this amount: 350 
million dollars was allocated for new 
aircraft plants, 250 million dollars for 
increasing aluminum supplies, and 50 
million dollars to doubling the mag- 
nesium program which had been de- 
signed to produce about 80 million lb. 
annually. (The correlation of aircraft 
production to available aluminum and 
magnesium supplies will presently be 
shown.) 

All these new plants will be owned 
by the government and may differ from 
the previous program under which 2,400 
medium-bombers will be built by the 
prime aircraft manufacturers at mid- 
west assembly plants with subassemblies 
supplied by the automotive industry. 
The new plans, for example, provide 
for Boeing to start production on heavy 
bombers at its expanded Stearman divi- 
sion in Wichita, Kan., with Bell Air- 
craft and Curtiss-Wright assisting as 
subcontractors. Bell — and to a lesser 
extent Curtiss-Wright, had long since 
left the subcontracting stage and have 
been in the big-time producing com- 
pleted planes of their own origin. Pre- 
sumably these two companies and other 
aircraft units will utilize all available 
space together with additional facilities 
for this sub-contracting work. It is 
conceivable that those companies now 
concentrating on trainers may contrib- 
ute their facilities to this new sub- 
assembly effort as present contracts are 
completed. 

In addition to other aircraft builders 
assuming their part in the accelerated 
bomber program, the Ford Motor Co. 
has been asked to manufacture and as- 
semble the Consolidated four-engine 
bomber at its new Ypsilanti, Mich., 
plant. Previously, Ford had undertaken 
to supply parts for the Consolidated 
B-24 to be assembled at the new mid- 

Such is the outline of the greatly 
increased aircraft production program. 
It may be a serious mistake, however, 
to assume that this new expansion will 
be accomplished at the same rapid rate 
recently experienced by the industry. 
A tabulation of a year’s arms produc- 
tion since the creation of the NDAC 
on May 28, 1940, showed the trebling 
of plane output for this period. Any 
additional increases in manufacturing 
facilities and output may prove more 
difficult as the easiest production ad- 
justments have already been made by 
(Turn to page 148) 
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VVESTINGHOUSE DEVELOPMENTS SPEED AVIATION PROGRESS 



Westinghouse Brings Safety to Seadromes with 


LIGHT CONTROLLED BY RADIO 


When ocean travel by air brought Rio 
closer to Miami, it also brought an 
entirely new problem to aviation — 
the problem of safe night landing on 
water for giant clipper planes. 

But now a flashing red light, battery- 
powered and supported by a buoyant 
rubber float that will not damage a plane 
striking it, will warn surface craft away 
from the seaplane landing area. Lines 
of green, gold, or red fluorescent lights, 
visible from three to five miles, will 
mark the water landing lanes for pilots. 

Portable units, designed for trans- 
portation by air to remote bases, are 
controlled by land radio. Boundary 
and contact lights can be operated 
separately. A single lane of contact 
lights or various lights within a lane 


can be controlled by the shore radio 
to meet the landing plane’s require- 
ments. Transoceanic flying will be 
revolutionized by this new light, 
developed by Westinghouse in col- 
laboration with Firestone, that brings 
greater safety to seadromes. 

Aviation, like other industries, is 
finding that electricity is the answer 
to many of today’s rush production 
problems. A phone call to our local 
office will bring one of our repre- 
sentatives to help you with yours. 

Westinghouse Electric & Mfg. Co., 
East Pittsburgh, Pennsylvania. 

Westinghouse 


WESTINGHOUSE 
DEVELOPMENTS SERVE 
ALL PHASES OF THE 
AVIATION INDUSTRY 

yon ’ll find that I Vest! nglouse hax 
particular needs. Westinghouse 

INSTRUMENTS 
RADIO APPARATUS 
HEAT TREATING FURNACES 
MICARTA PULLEYS 
MOTORS AND CONTROL 
ARC WELDERS 
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Larger Franklin Engines Developed 

New Aircooled 8 and 12-Cylinder Power Plants 


By Paul H. Wilkinson 


T HE name Aircooled Frnnkiin usually 
is associated with small air-cooled 
engines with 4 or 6 horizontally-op- 
posed cylinders for small sport planes 
and trainers. The Aircooled Franklin 
Corp. has not limited its scope to these 
two basic types of power plants, how- 
ever. and now it has developed engines 
with 8 and 12 horizontally-opposed 
cylinders. These additional engines 
will round out the Aircooled Franklin 
line so that it covers a range from 65 
lip. to 350 hp. 

The writer first heard of these larger 
engines from a paper entitled, “Devel- 
opment Problems of Light Aircraft En- 
gines,” presented by Carl Doman, Chief 
Engineer of the Aircooled Franklin 
Corp., at the Annual Meeting of the 
Institute of the Aeronautical Sciences 
last January. Subsequently, he was 
privileged to see the two new power 
plants at the factory at Syracuse. 
Judging from their compact size and 
low frontal area, it certainly appears 
that they will be ideal for submerged 
wing installations in small twin-engined 
airplanes provided an adequate cooling 
system is installed to direct the air onto 
all the cylinders. 

The Aircooled Franklin 8-cylinder 
SAC-398 and 12-cylinder 12AC-596 use 
the same cylinders as the smaller 4AC- 
199 and 6AC-298 engines. This makes 
their production relatively simple as 
many of the other parts of these four 
basic engines arc interchangeable. The 
bore and stroke of 4.25 in. and 3.50 in. 
respectively gives the 8AC-398 a dis- 


placement of 398 cu.in., and the 12AC- 
596 a displacement of 596 cu.in. The 
new engines are not supercharged and 
they have direct propeller drives. In 
general construction they arc similar to 
the 4-cylinder and 6-cylinder engines 
from which they were developed. 

Both of these new engines have a 
compression ratio of 7.0:1 and are in- 
tended to operate on 87-octane gasoline. 
The 8AC-398 model has a take-off 
rating of 200 hp. at 2,600 r.p.m. and a 
cruising rating of 170 hp. at 2,350 
r.p.m. at sea level. The 12 AC-596 
model is rated at 300 hp. at 2,600 r.p.m. 
for take-off and cruises at 255 hp. at 
2,350 r.p.m. Geared models giving 
slightly more power are under develop- 
ment. With supercharging it is antici- 
pated that power outputs of at least 275 
hp. and 400 hp. respectively should be 
obtained from the two engines. 

With regard to construction, the 


crankcases of the new engines follow 
Aircooled Franklin practice and are 
made of aluminum alloy in two halves 
split vertically. A cover plate is pro- 
vided and there is a detachable oil sump 
underneath. The crankshaft is ma- 
chined from a one-piece steel forging. 
It has eight throws and six main 
bearings in the 8AC-398 engine while 
in the 12AC-596 engine it has twelve 
throws and is supported in eight bear- 
ings. The main bearings are steel- 
backed copper-lead faced. The pistons 
are made of aluminum alloy and are 
interchangeable for the four basic en- 
gines mentioned in this article. They 
have a steel strut which permits fitting 
them with 0.003-in. clearance. 

The cylinders consist of nickel-iron 
barrels onto which aluminum alloy 
heads are screwed and shrunk with a 
gasket between the two parts. They 
(Turn to pai/e ISO ) 
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us know your hydraulic valve and jack requirements? 
We invite you to submit your specifications. 


Fulmar Fighter 


the 

of the fuselage 
tubular structure covered with remov- 
able sheet metal. Rear portion is of 
hoop frames riveted to stringers of Z 
section and covered with riveted metal 
skin. Wing is an all-metal cantilever, 
two-spar construction, tapering in chord 
and thickness and attached to stubs 
integral with the fuselage. 

Specifications and performance data 
of the Fairey Fulmar, powered by a 
1.145 lip. “Merlin” X engine, are based 
on the P.4/34. 

Win* span 


A FAST and formidable eight-gun 
fighter which has done good work- 
in blasting the muddled Italians out of 
the Mediterranean air, the Fairey Ful- 
mar is a development from a light 
bomber type, the P.4/34. 

Much larger than fighters of the 
RAF, the Fulmar has greater range 
than any similarly armed land fighter, 
a characteristic of prime importance in 
naval operations where frequent land- 
ings on a carrier's deck to refuel are 
a distinct nuisance. The “Hurricane” of 
the Fleet Air Arm, as the Fulmar has 
been called, is little different in outer 
appearance from its forebear, the Fairey 
P.4/34, except that the tunnel-ducted 
radiator has been moved forward under 
the nose and the tail plane is set lower 
on the fuselage in front of the fin and 
rudder. A greater power output is pro- 


vided in the Fulmar with the 1.145 hp. 
Rolls-Royce "Merlin” X engine as 
against the 990 hp. "Merlin” 11 in the 
P.4/34. High speed is probably around 
300 m.p.h. with the "Merlin" X, which 
is a two-speed supercharged type of vee 
design and low frontal area. Propeller 
is of wood with detachable blades. At 
5,250 ft. the engine develops 1,145 hp. 
(low geared), and at 17,750 ft. it has 
1,025 hp. (high gear). Range is over 
1.000 miles. 

An all-metal low-wing monoplane of 
stressed skin construction, and equipped 
with retractable landing gear, arma- 
ment consists of eight fixed machine 
guns, four in either wing. For use with 
the Fleet Air Arm it was necessary to 




TWIN-ENGINED 

FIGHTER 

An interesting Fokker design 
which is now under Nazi control 



as in the Messerschmitt Me 1 10. Bomb 
racks arc reported to carry a total oi 
882 lb. of bombs. 

The fuselage is built in three sec- 
tions, the front section being a welded 
steel tube structure covered with alumi- 
num alloy sheets. The center is of 
plywood, monocoque construction, which 
forms an integral part of the wing, 
while the rear section is a light metal 
framework having large transparent 
plastic windows. Good vision is af- 
forded the pilot whose cockpit is situ- 
ated forward of the leading edge of the 
wing. In the three-seater type, the cen- 
tral cockpit has windows above and 
below, while the rear cockpit has a 
visual range above, to the sides and 
rear, and openings in the floor for bomb 

Wings are of wooden construction, 
with two box spars having spruce 
flanges and bakelite plywood webs, bake- 
lite plywood ribs and covering of the 
same material. Dural landing flaps, 
hydraulically operated, are between aile- 
rons and tail booms and between tail 
booms and fuselage. Ailerons are fab- 
ric covered, welded steel tube construc- 

Tail booms arc monocoque type with 
dural frames and duralplat skin, while 
the horizontal stabilizer and fins are all- 
metal construction consisting of dural 


C LOSELY resembling our own Lock- 
heed P-38, the versatile twin-en- 
gined, two or three place Fokker G.l 
combines remarkable maneuverability 
and fire power with long range and 
comparatively high speed. And accord- 
ing to the military use required of it, 
the G.l is adaptable to dive bombing 
and long range rcconnaisance, as well 

Powered by two 880 hp. Bristol 
"Perseus" X engines, its speed is con- 
siderably less than that of the P-38. 
Nevertheless, with a maximum speed 
of 301 m.p.h., the Fokker G.l is capable 
of all the acrobatics a single-engined 
fighter half its weight can perform. 
Used as a fighter, and cruising at 227 
m.p.h., range is 1,007 miles; or 1,268 
miles, cruising at 224 m.p.h., in the 
dive bomber - reconnaisance version. 
Service ceiling ranges from 29,200 ft. 
in the dive bombing type to 30,185 
ft. in the fighter. Rate of climb is 
1,893 ft./min. and 2,139 ft./min. respec- 

A heavy concentration of fire is pro- 
vided by eight machine guns, with 500 
rounds per gun, installed in the nose 
of the fuselage. This armament may 
be altered to other combinations con- 
sisting of two automatic cannon, 20 
or 23 mm., with 60 or 100 explosive 
shells, and two machine guns with 450 
rounds each; or four 
20 mm. cannon with 
60 shells per gun. 

Rear defense is rela- 
tively weak, the rear 
cockpit being pro- 
vided with only a 
single machine gun. 



spars and ribs with duraplat sheet 
covering. Balanced rudders and ele- 
vators arc fabric covered, welded steel 
tube structures. 

Landing gear, which is hydraulically 
operated and fully retractable, is 
equipped with oleo pneumatic shock ab- 
sorbers and pneumatic wheel brakes. 
The tail wheel is a swivel type and 
may be locked. 

Standard equipment includes three- 
blade variable-pitch or constant-pitch 
propellers, complete electrical lighting 
system, including two leading edge land- 
ing lights, radio, provision for a camera, 
and oxygen apparatus. 

Instruments are Weston tachometer, 
cylinder head temperature gage, Kolls- 
man boost indicators, fuel and fuel 
pressure gages, oil manometers and 
temperature gages, altimeters, Eclipse 
synchroscope, air speed and rate of 
climb indicators, Waltham clock, Sperry 
gyrorector, turn-and-bank indicator, 
and Askania compass. 

Specifications and performance data 
on the Bristol "Perseus” powered 
Fokker G.l fighter type arc: 


Wing Span ...... 

Overall length 
Overall heigh; 

Wing area 

Power loading 
Wing loading — 
Gross weight 
Weighty empty . 
Fuel capacity . . . 
Maximum speed . 
Cruising speed 
Service ceiling . . 
Rate ol climb . 
Cruising range 


56.122 ft. 

35.913 ft. 

11.186 ft. 

4 12.26 sq.ft. 
5.94 lb./ltp. 
25.7 lb./sq.ft. 


30,185 ft.' 
2.139 ft. /min. 
1.007 mi. 
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Call Air Model A 

A two-place cabin plane from Star Valley, Wyo. 
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WRIGHT CINCINNATI DIVISION 



ROLL OFF THE LINE 

ONE YEAR AFTER INCEPTION OF WRIGHT PLAN 
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BRAHE CONTROL V A IVES 



More Accurate Control 
of Power fir a /ling 


This compact valve accurately regu- 
lates the pressure to each wheel brake 
individually when power is taken from 
the main hydraulic system operating 
at pressures up to 1500 p.s.i. The pres- 
sure application curve of this valve is 
a straight line: pressure applied to 
brake operating mechanism is infin- 
itely variable within pressure limit of 
the brakes, and is directly proportional 
to the amount of force applied to the 
valve operating mechanism and to the 
amount of valve lever displacement. 
Accurate control of braking is possible 
regardless of pressure variation in the 
main hydraulic system so long as this 
system pressure is equal to or greater 
than pressure needed to give maxi- 
mum braking force. 


Engineers and (luilders 
of Oil Hydraulic Equipment 
Since IU2I 


Vickers i 


po rated 1462 OAKMAN BLVD-, DETROIT, MICH 
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Dialing the Air Waves with Craig Walsh 



New Plant for Airadio, Inc. 

Airadio, Inc., Stamford, Conn, has 
purchased the plant of Cinaudagraph 
Speakers, Inc. to enlarge its manufac- 
turing space to 35,000 square feet. 
Machinery and fixtures were included 


equipment. The company is building 
aircraft radio accessories as well as 

drews who was formerly with Ameri- 
can Airlines as supervisor of radio 

General Purpose 
Aircraft Receiver 

The Model AR-10-A general purpose 
aircraft receiver manufactured by Har- 
vey-Wells Communications, Inc., of 
Southbridge, Mass., was especially de- 
signed for use in scheduled air transport 
service and is therefore rugged enough 
to withstand rough usage with no ill 
effects. Both the communication band 
and the beacon band are covered. The 


and one for the loop input on the beacon 
band. Two i-f amplifiers with six 
tuned circuits operating at 455 kc. 
are used. The audio output level is 

db for input voltages from 5 to 100,000 
microvolts by the a-v-c circuit. The 
power output is 300 milliwatts through 
two independant output channels. This 
unit will fit into a standard i ATR 
space which is approximately 19J in. 
by 4 IS in. by 7 A in. Its weight in- 
cluding crystals, tubes, dynamotor, and 

24 lb. g 


U-H-F Communication System 
For Flight Instruction 



ceiver which can be placed on the scat 
of the plane alongside the student, or 
may be securely fastened by a special 
damp. 

The UHT-40G transmitter is con- 
tained in a case 17 inches wide, 10 
inches high, and 10 inches deep which 
is intended for either rack or table 
mounting. It is designed for remote 
control so that the instructor i3 allowed 
considerable freedom in his movements. 
It draws approximately 5 amperes at 
115 volts, 60 cycles. 

The UHR-40A receiver is 4} inches 
wide, 3J inches high, and 7$ inches 
deep. The only control is a single 
knob for volume adjustment. A trim- 
mer on the front panel permits perma- 
nent friction-lock adjustment to any 
required frequency in the 30 to 40 
megacycle band. It is powered by two 
dry cells, contained in the receiver 
chassis, and will operate for 100 hours 
before battery replacements are neces- 
sary. The receiver is designed for use 
with a simple vertical whip antenna. 


New Set Tester Developed 
In American Airlines Radio Shop 

Ralph Core, radio shop foreman for 
American Airlines, lias developed a 
new test set to test all receivers used 
in the Flagship fleet. The sets are oper- 

conditions so that troubles can be lo- 
cated quickly and accurately. Provi- 

receivers merely by the addition of 
new plugs to accommodate the new 
sets. The new unit is used by all 
repair mechanics and by the inspectors 
in the final check and alignment of the 
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The corning August issue of Aviation — the old- 
est American aeronautical magazine — will mark 
25 years of its publication. For a full quarter cen- 
tury, since 1916, Aviation magazine has served 
the best interests of the men of this industry . . . 
through their years of pioneering . . . through 
their years of difficult struggle ... to the present 
position of industry importance and maturity. 

The editorial pages of the coming Anniversary 
Issue will present a pageant of 25 years of flying 
progress — the evolution of military aviation from 
a dubious experiment to its present dominant 
reality . . . the growth of air transport from a dream 
to a major public carrier . . . the advance of pri- 
vate flying from the circus stage to enthusiastic 
public acceptance. 

In fact, the August issue will give a panora- 
ma of the events, developments, and technolog- 
ical improvements that have wrought epochal 
changes — including the story of the men who 
have built one of America's great industries. 


But the fascinating interest of this review of 
the past will be far exceeded by its importance 
to the men responsible for America's air strength. 
The inspiring story of aviation's developments 
during the past 25 years provides a background 
essential for a true perspective of the progress 
which has been made ... of the vital needs of 
today . . . and of the future. 

Authoritative articles — written mainly by the 
very men who played a conspicuous part in mak- 
ing industry history — will make the coming 
25th anniversary edition a reliable source of ref- 
erence data and information ... a permanent 
record of value to everyone identified with aer- 
onautics. 

In short, Aviation's 25th Anniversary Issue 
will serve as an essential and inspiring compass 
to help chart the course of continued progress 
for America's great aviation industry. 






The brand of DEPENDABILITY provided by Lockheed has a deep-rooted heritage! It comes not from 
knowledge gained by building a single airplane... or even a hundred airplanes. It comes from the 
production genius necessary to build more than a thousand high performing, two-engine airplanes... 
airplanes of all types for all jobs. ..airplanes that have remained up-to-date and popular in the rapid 
progress of aviation. ..airplanes that have become famous for outstanding operating characteristics. 

"Serviceability” has come from the experience that built the still modern Lockheed Electra. 
"Stamina” has sprung from the design of an airline transport that was transformed, almost over- 
night. into the rugged "Hudson” bomber. And "Performance” was provided by an engineering 
organization that has produced the "Lightning” fast P-38 Interceptor Pursuit for defense. 

Individually these characteristics are important ... together they form a combination that 
spells Dependability . . .for leadership! They are the reasons that Lockheeds operate with equal 
efficiency in both Arctic cold and Equatorial heat. They are the reasons that fast schedules and 
difficult terrain are met with economy and absolute minimum of maintenance. 



i of Lockheed are the real II ia the men of Lockheed ih 


LOOK 


TO F 


OR LEA 



D E R $ H I P 

' 4 






Bell Airacobras at Selfridge and other army fields tell the story of bow we've 
telescoped time. Every minute is doing double duty in our production. The 
Airacobra was designed for speedy assembly — ordinary manufacturing meth- 
ods were discarded at the start. Our mass production system makes the best 
use of thousands of workers, and precision machines have been invented 
which cut hours down to minutes. It takes many people, working hand in 
hand, to accomplish our production . . . it's the co-ordination of their loyal 
efforts which makes possible the fast-growing number of Bell Airacobras. 
BELL AIRCRAFT CORPORATION, BUFFALO AND NIAGARA FALLS, N. Y. 





PHILOSOPHY 


By Lawrence D. Bell, President and General Manager, Bell Aircraft Carp. 


D URING the six years at Bell Air- 
craft Corp. in which we have been 
building airplanes, we have always 
tried to understand completely the prob- 
lems involved in fighter aircraft con- 
struction before we began building the 
ships. In other words, we analyzed the 
philosophy of, and the reason for, 
fighter airplanes, and then set about the 
task of building craft worthy of the 
name of fighter. 

We tried to think of the airplanes we 
wanted to build in military terms. What 
they should be able to do, assuming of 
course that they were equal to or better 
than other craft with respect to high 
speed, ceiling, rate of climb, maneuver- 
ability, etc. We realized that many 
other people building airplanes had al- 
ways thought in terms of the vehicle, 
arid realized that perhaps we were stick- 
ing out necks too far when we began to 
think in terms of fire power instead! 

But we were not fooling ourselves 
about being able to build an airplane 
so much faster than anyone else so that 
for that reason alone we'd be able to 
get all the business we could handle. 
We knew very well that with horse- 
power, size and wing loading the same, 
there was no reason why three or more 
capable aircraft manufacturers couldn't 
build planes which would have about 
the same high speed, ceiling, rate of 
climb, maneuverability and other per- 



Larry Bell 


formance characteristics. And we also 
knew that unless we could build a bet- 
ter job, incorporating superior features, 
we wouldn't have much of a selling 
point when we went to our potential 
customers, the Air Corps and the Navy, 
and asked them to give us the orders 
they had been giving established build- 
ers. We knew also that the airfoil sec- 
tions we could use and the engines 
available to us were at the disposal of 
all other manufacturers. 

We went back to fundamentals. 
Philosophy, if you like. 


We looked back over history, and 
saw countless examples of the truth 
that victory most often comes to the 
side with the greatest firepower. When 
Hannibal crossed the Alps with a circus 
parade of elephants, he was bringing 
into play against the defending Romans 
a brand of firepower which was devas- 
tating. When William the Conqueror 
stormed the heights of Senlac in 1066. 
he was utilizing firepower which was 
more than King Harold and his Saxon 
warriors could withstand. 

John Paul Jones, perhaps our na- 
tion's most daring naval hero, achieved 
invincible firepower during the Revo- 
lution when he armed his craft with 
long guns, taken from the cradles of 
land forts. Development of the tank 
during the World War gave the British 
a decided firepower advantage over the 
Huns, an advantage which some mili- 
tary experts credit with having tipped 
the scales in the Allies’ favor at a criti- 
cal moment in the course of the first 
World War. 

In a very real sense, we at Bell Air- 
craft were reading history for the les- 
sons we could apply to military aircraft. 
We were thinking in terms of firepower. 
We were thinking as John Paul Jones 
and the British had done : — We were 
probing the possibilities of moving fire- 
power to the front line of wars to come. 
In 76 it was the sea. In the first World 
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War it was the no-man's land between 
the apparently invulnerable line of 
German trenches and the ranks of the 
attacking Allies. In the second World 
War — as we saw the picture in 1937 — 
it was to be in the air ! 

We asked ourselves what a fighter 
should be able to do, and then looked, 
at the best of the current models to see 
what their short-comings were. 

Three qualities were vital to a suc- 
cessful fighter, as we saw the problem, 
and none of the existing aircraft had 
them in what we felt were necessary 
amounts. They were: (1) Sufficient fire 
power; (2) improved landing and 
ground handling characteristics, and 
(3) greater vision. 

With respect to No. 1, we knew that 
no bigger bullets were needed to put 
a man out of action in 1937 — when we 
began the Airacobra — than during the 
previous World War. But we en- 
visioned a fighter airplane which would 
be able to do more than injure or kill 
unprotected individual men among the 
enemy forces. We thought of an air- 
plane which would be able to fire an 
explosive shell powerful enough to cope 
with panzer divisions and mosquito 
fleets. Yes, of course, a fighter capable 
of vanquishing the biggest bomber. 

In the present war, according to the 
picture we had back in 1937, fighter 
airplanes would have to operate under 
far less ideal conditions than those pro- 
vided by super airdromes. They would 
have to be able to get off improvised 
fields and perhaps even highways. They 
would have to take off cross-wind, if 
necessary. And they would have to 
operate at night without the aid of 
million-candlepower floodlights. 

Not only that, but we knew fighter 
pilots, when fatigued from the strain of 
combat, would need to be relieved as 
much as possible from the responsibili- 


ties which conventional landing gear 
presented. The only answer, as we saw 
it, to Item No. 2 was tricycle landing 

The demand for speed and more speed 
had, naturally enough, resulted in big- 
ger engines. And the bigger engines 
had robbed fighter airplanes of a char- 
acteristic we considered vital: Good 
visibility. We had to devise some new 
arrangement of the equipment of our 
new fighter airplane so that visibility, 
forward, sideward, down and aft would 
be guaranteed. 

The key to all three of these prob- 
lems was the extension drive shaft — 
that method of transmitting power from 
the engine which had been used for as 
long as a century on ships and every 
other vehicle, except the airplane. Even 
the first airplanes, it was to be remem- 
bered, had designs embodying trans- 
mission of power from the engine 
through bicycle chains to propellers! 

Airplane manufacturers in 1937 prob- 
ably were agreed that such a drive shaft 
installation was possible but they had 
hesitated to risk the effort and expense 
of developing this method of power 
transmission. Moreover, it is doubtful 
if many plane builders visualized the 
full value of the three-fold benefits to 
be gained from this arrangement. Our 
successful undertaking of the design 
and installation of the drive shaft in the 
Airacobra was materially aided by the 
never-ending counsel and help received 
from the Air Corps and the Allison 
Division of General Motors. 

Before I go further, full credit should 
be given those far-seeing officers of 
the Air Corps who encouraged us at 
Bell Aircraft to continue our develop- 
ment of air-borne firepower. Except 
for the wisdom and inspiration which 
was forthcoming from Maj.-Gen. Henry 
H. Arnold, Brig. Gen. George C. Brett, 


Brig. Gen. George C. Kenny, Brig. 
Gen. Frank M. Andrews, Brig. Gen. 
Oliver P. Echols, and the late Col. Earle 
C. Robbins, our ambitions could never 
have been realized. 

Our role as a pioneer advocate of 
smashing firepower for airplanes could 
never have been played except for the 
support we received from the Air Corps 
personnel. Their recognition of what 
was needed and their ability to encour- 
age the practical development of those 
needs is reflected today — years after 
the seeds were planted — in the mass 
production of fighter planes packing 
plenty of firepower. Six and seven years 
ago, we were an experimental station 
for the development of firepower and 
the success of our work was in great 
part due to the vision of the Air Corps. 

To a very important degree, the Aira- 
cobra as it flies today, hurling through 
the air with a 37 mm. cannon, is due 
to the Air Corps. Back in 1937 we 
entered two designs in the Air Corps 
fighter plane competition. One was sub- 
stantially the Airacobra, with 10-ft. 
drive shaft and engine located behind 
the pilot. The other was a more con- 
ventional model, utilizing numerous re- 
finements but with the engine located in 
front of the pilot. It was the Air Corps 
which chose the Airacobra design, with 
its superior vision obtained from the 
aft position of the engine. 

Before explaining in more detail why 
we designed the Airacobra so as to make 
use of the drive shaft, let me go back a 
little to the development of the Aira- 
cuda. In this bi-motored multi-place 
figher, we had utilized drive shafts, to 
transmit power from the two Allison 
engines to pusher propellers. To be sure, 
the drive shafts were comparatively 
short compared to the 10-ft. shaft en- • 
gineered into the Airacobra design, but 
the principle had been successfully 
adopted for aircraft use. 

With respect to firepower, the Aira- 
cuda was also outstanding. Details of 
the armament and fire control arrange- 
ment of this airplane are still restricted, 
but one may say that this craft in- 
corporated a very accurate range find- 
ing device, connected to an automatic 
computer, for the firing of the two 37 

The function of the fire-control equip- 
ment is essentially the spotting of the 
target in the line of view of the tele- 
scope which is part of the range-finding 
equipment, to determine the range of 
the target from the gua An automatic 
and continuous adjustment of the gun 
to fire to the target is made electrically, 
with the proper corrections made in 
the gun pointing by the automatic fire 
control computer device. Compensation 
is also made for variation in relative 
positions during firing and allowance 
for time of flight of the shell from the 
(Turn to page 90) 
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Manufacturers of Flexible Hose Assemblies for Panel Boards and Hydraulic Actuated Units 
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TAYLOR LAMINATED PLASTIC TRIM TABS 


A new technique in the fabrication of vital aircraft parts from laminated plas- 
tics has made possible increased strength and durability with lighter weight 
in such important parts as trim tabs, wing flaps, radio antennae masts, etc. 
These parts are mass-produced in seamless, one-piece phenol fabric con- 
struction. Their strength and resilience are due to the inherent character- 
istics of the material itself and to the structural form of the part. 


There is no permanent distortion under deflection. Fine surface finish is 
characteristic of the material. Projectiles pass through cleanly, have less 
tendency to tear or collapse the structure of the part. 

These and other reasons are why Aircraft manufacturers are finding Taylor 
Laminated Plastic construction "generally more satisfactory than metal" 
for a growing number of parts. 


TAYLOR FIBRE COMPANY, Norristown, Pa. 


TAYLOR 


LAMINATED PLASTICS 
* Vulcanized Fibre • Phenol Fibre ■ 

SHEETS, RODS, TUBES, FABRICATED PARTS 



Engineering the Airacobra 


T HREE years ago, two pursuit air- 
plane designs were conceived at the 
Bell Aircraft Corp., and preliminary 
engineering was started. One was a 
conventional airplane with noteworthy 
features, what might be termed a con- 
servative up-to-the-minute design, em- 
bodying what was known in aircraft 
circles as good practice, and probably 
well able to hold its own with the 
pursuit planes of its time. 

The other was somewhat radical in 
design as compared with existing air- 
planes. While its exterior was exceed- 
ingly smooth, representing the ultimate 
in streamlining and eye appeal, its in- 
terior arrangement appeared to pre- 

lems. The engine was located amid- 
ship, the pilot was placed forward of 
the engine in a cabin with automobile- 
type doors "for easy ingress and 
egress," an extension shaft ran forward 
to a gear box located in the nose of 
the fuselage, and no oil or prestone 
coolers were in evidence. The ap- 
parent lack of structure was alarming. 
However, this airplane was designed to 
be the outstanding airplane, not only 
of its day, but for three years hence. 

Gradually the intervening years have 
disclosed to the world that that air- 
plane was not a designers’ nightmare. 
It embodied no radical engineering fea- 
tures. Sound engineering principles, 
although at first sight not apparent, 
have since been proven to exist in its 
design. It was conceived to fill a 
definite need, and dogged determina- 
tion through the design, construction and 
testing of the prototype airplane has 
insured accomplishment of that purpose. 


By Harland M. Poyer, 

Chief Engineer, Bell Aircraft Corp. 



The objective of the designers was 
an interceptor pursuit airplane, out- 
standing in its ability to accomplish a 
deadly purpose. This meant firepower 
lots of it, and sufficiently heavy to stop 
enemy bombers. It meant ability to 
climb speedily to a high altitude and 
be in position to strike when occasion 
demanded. It meant plenty of speed 
to overtake the bombers, maneuver- 
ability and vision to enable it to fight off 
enemy pursuit craft. To sacrifice any 
of these essentials would lessen its 
value and would have resulted in just 
another pursuit plane. 

Looking at the Airacobra from the 
design standpoint, the extension drive 
shaft merits attention. It has repeatedly 
been placed in the spotlight, and justly 
so. It is a remarkable development, 
not because of any involved engineer- 


ing problems, but rather because of the 
possibilities it presents for improve- 
ment of aerodynamic characteristics, 
vision, maneuverability, and accessibil- 
ity as well as greatly increased fire 

There is nothing remarkable about the 
fact that the engine is not located in 
the nose of the airplane. As a matter 
of fact, as the criteria for design was 
being worked out, we began to wonder 
why that select spot had ever been as- 
signed to the engine. 

The problems encountered in the 
structural design of an airplane are 
always fundamentally the same. They 
involve first, an analysis of all possible 
loading conditions, and second, the de- 
sign of a structure to withstand those 
loads and allow all mechanical units in- 
stalled in the airplane to operate suc- 
cessfully under the deflected conditions 
of the loading structure. The design 
of the extension shaft was no exception 
to this rule. While it is true that no 
criteria for the design of this conven- 
tional installation existed in the “Hand- 
book for Airplane Designers,” we were 
not greatly perturbed, having become 
used to this condition on the Airacuda 
(the multi-place, bi-motored, cannon- 
carrying fighter we previously built). 

Therefore, all possible loading con- 
ditions were studied from take-off, 
through all maneuvers, dives, spins, ac- 
celerated pull-outs and landings. Many 
conditions were investigated such as 
propeller gyroscopic, and gear box 
torque loads, which had been of little 
concern to designers of more conven- 
tional aircraft. Shear and moment 
curves were plotted for all combinations 
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development of the tricycle landing 
gear. In the early stages of develop- 
ment of the P-39, our engineers recog- 
nized the fact that the trend toward 
higher landing speeds had reached the 
point where improved ground perform- 
ance and reliability had become a vital 
factor in the success of any type plane 
to be built. Realizing the advantages 
which might be obtained by the use of 
a tricycle gear, it was decided to do 
some real research and experimenting 
with this type. 

A landing gear test vehicle was built, 
with weight, balance, tread and wheel 
base dimensions similar to that pro- 
posed for the actual airplane. Con- 
siderable expense and many months 
of effort were expended in the exhaus- 
tive tests conducted with this “test- 
cart,” which included runs over all 
types of fields from soft, rough sod to 
loose cinders and concrete. Many of 
these runs were made at speeds up to 
70 m.p.h. and obstacles representing 
large rocks and deep ruts were placed 
in the path of the nose wheel to de- 
termine its ability to withstand all op- 
erating hazards which might later be 
experienced. The reward for this ex- 
tensive research is evident today. The 
Bell Aircraft Airacobra is the first 
single engine pursuit type airplane em- 
ploying a tricycle landing gear to be 
put into quantity production. 

The main wheels of the P-39 are 
equipped with high pressure tires and 
hydraulic multi-disk type brakes. Pro- 
vision has been made for installation 
of oversize wheels and tires if desired. 
The nose wheel is a standard smooth 
contour type, similar to that used as 
a tail wheel for larger airplanes. No 
brake is installed in the nose wheel, but 
a puncture-proof inner tube is used. 

Shock struts on both main and nose 
wheels are the air-oil type with ade- 
quate strokes to absorb the energy re- 
sulting from severe landings. The nose 
wheel swivels 60 deg. either side of 
center permitting short radius turns. 
A noteworthy design feature which has 
contributed greatly to the outstanding 
performance of this gear, is a hydraulic 
device in the nose wheel strut which 
automatically dampens the swiveling ac- 
tion of the wheel, eliminates shimmy, 
and improves the stability under all 
operating conditions. Off the ground, 
the nose wheel automatically returns 
to its exact center position so that it 
can be retracted into the forward fuse- 
lage. 

All three wheels are retracted simul- 
taneously by an electric motor operat- 
ing through a suitable gear reduction. 
When in the retracted position, all 
wheels are completely covered by smooth 
flush-type fairings which are actuated 
automatically and require no attention 
from the pilot. The use of a “cone- 
(Tuni lo page 92) 


that could exist simultaneously. The 
fuselage structure was then designed 
to withstand the loads and to provide a 
platform for the 37 mm. cannon and 
the .30 and .50 caliber guns mounted 
in the nose as well as a rigid and 
satisfactory mounting for the gear box 
and intermediate shaft support bearing. 
It is not uncommon in modern aircraft 
to Resign structure from the deflections 
standpoint ; in fact, practically no 
strength calculations ignore them. 
Therefore, deflections were computed 
and curves plotted showing the great- 
est deflections that would be encoun- 
tered in service. Using these calcula- 
tions as a basis, engineers of the Alli- 
son Division of General Motors Corp. 
worked with us hand-in-hand, and de- 
signed the shaft to meet our require- 

The fuselage structure of the Aira- 
cobra is so designed and tooled, and 
the installation of the engine such, that 


with the airplane in level flight, the 
engine crankshaft, and the two sec- 
tions of the extension shaft are parallel. 
This means that under other conditions 
of flight or landing, the shafts are 
slightly out of parallel. A sufficient 
amount of universal action is provided 
at the front of the engine, at the inter- 
mediate bearing and at the attachment 
of the shaft to the gear box. Calcula- 
tions, backed up by static test, prove 
that at no time are bending or end 
loads imposed upon the torque shaft 
by deflection of the airplane structure. 
It is, therefore, free running under all 
conditions including pull-outs so violent 
as to cause the pilot to black-out. 

The principle of the extension shaft 
is basically sound, all possibilities of 
loading having been anticipated and in- 
vestigated, which accounts for the fact 
that this part of the airplane has been 
100 percent trouble free. 

Another engineering problem was the 
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SALUTING THE BELL AIRACOBRA 
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BELL AIRACOBRA 

TIMKEN BEARINGS 


When it came to selecting landing wheel bearings for this, one of the world's 
fastest, most deadly air fighters, the Bell Aircraft Corporation took no chances. 
Timken Tapered Roller Bearings were chosen on their record in American civil 
and military aircraft of all types and sizes, plus the knowledge and experience 
of Bell engineers. 

The loadings on these Timken Bearings during two-wheel landings (nose wheel 
retracted) are as follows: 

Vertical load - 19,665 lbs. per wheel 
Drag load - 6,777 lbs. per wheel 

Side load - 4,376 lbs. per wheel 

They have proved their ability to take these loads — and keep on taking them — 
without a trace of distress. We are proud of the responsible part Timken Bearings 
are playing in America's defense preparation — not only in the air but on land 


THE TIMKEN ROLLER BEARING COMPANY, CANTON. OHIO 
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BELL AIRACOBRA 


FOR BETTER PERFORMANCE 
MAINTENANCE, AND SERVICE 


AEROQUIP SELF SEALING COUPLINGS 
HOSE LINES, AND HOSE FITTINGS 
UNIVERSALLY ACCEPTED BY LEADING 
AMERICAN AIRCRAFT MANUFACTURERS 
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Test Flying 
A Ball of Fire 

With the radical design of this tighter aircraft new 
tricks had to be applied for its flight testing. 

By Brian Sparks, Chief Test Pilot and Head of Flight Research 


D evelopment during the past 

five to seven years of high-perform- 
ance airplanes — with speeds topping the 
400 mark — lias required an entirely 
new technique in test flight work. And 
this, in turn, has required an entirely 
new type of test pilot, — a test engi- 
neer, if you will, capable not only of 
flying an untried craft but also of gain- 
ing worth-while scientific information 
from such flights. 

In the Airacobra, the need for a new 
test flight technique and a different 
type of test pilot was perhaps more 
obvious than on some other planes, 
built about the same time. This, of 
course, was because in 1937 the con- 
struction of single engine fighter air- 
plane with tricycle landing gear, engine 
behind the pilot and 10-ft. drive shaft, 
made the craft completely unique. Be- 





sides, the 400-m.p.h. speed of which 
the P-39 seemed capable, presented test 
problems previously uncncountered. 

And so it was that the test work on 
the Airacobra, begun in 1937, hastened 
the transition of flight testing from an 


adventurous past to a scientific present. 
To the worth-while efforts which had 
been made in the past were added new 
methods, from which scientific infor- 
mation was sought. 

Formerly, the process of testing a 
new ship was similar in many respects 
to the technique with which a prospec- 
tive automobile buyer "tries out" a 
new automobile. If the plane flew rea- 
sonably well, the pilot said so. If not, 
he sought to describe the reasons, but 
the information obtained in this fash- 
ion was little more illuminating, or pre- 
cise, than the "it rides nice” which one 
often hears from the prospective car 

Individual opinions on proper flight 
characteristics of an airplane were as 
widely divergent as the pilots them- 
selves. Not only did personal stand- 
ards of requirements vary, but the 
opinions formed on the basis of flight 
tests were often hopelessly confused by 
unrealized inter-relations ot distinct 

For example, control forces are a 
decidedly separate though related en- 
tity from airplane stability. In the 
past, pilots almost universally gave a 
verdict of stable to such airplanes as 
had high control forces, whereas scien- 
tific research has since disclosed that 
often an airplane with high control 
forces may be very unstable. When it 
comes to airplanes of the "400 class,” 
correct information has to be obtained, 
and the day when all a test pilot had 


AVIATION, lair. 



to know was how to “fly by the seat 
of his pants” is very definitely past. 

We found that one of the main 
sources of trouble in securing usable 
information from flight testing was a 
fault attributable to both engineers and 
pilots — neither understood completely 
what the other was talking about. The 
way a pilot put it to me is about right, 
I think: — “An engineer is a man who 
learns more and more about less and 
less until finally he knows everything 
about nothing, while weVe the chaps 
who learn less and less about more 
and more until finally we know nothing 
about everything!” 

The excellent research program of 
NACA in developing quantitative flight 
characteristics standards has assisted 
greatly in solving this diverging di- 
lemma. In the four years since the 
Airacobra flight testing began — perhaps 
one should go back a year or two 
before that to the days of the bi-motored 
Airacuda with its own host of engi- 
neering developments — we have secured 
some fairly definite ideas about what 
relative control force ratios should be 
for a "good” airplane, and the accumu- 
lation of results on stability measure- 
ments of proven satisfactory types has 
provided other material to clarify the 
solution. 

Today the test pilot (from now on 
I shall refer to him as the test engi- 
neer) has a much more definite test 
program to follow, and a better under- 
standing with the engineers about what 


the resulting answers mean. 

Although the factors of flight per- 
formance, such as high speed, ceiling, 
stalling speed, rate of climb and so 
forth, arc definite measurable quanti- 
ties, the reduction of such flight meas- 
urements to standard figures has given 
rise to considerable confusion in the 
past. Only recently have methods been 
developed which give reasonably con- 
sistent results. With the development 
of each new type of craft, new difficul- 
ties are found, and flight research 
must progress rapidly to keep in step. 
In the case of the Airacobra, this 
progress was multiplied, because so 
many new engineering features had 
been incorporated into the makeup of 
this interceptor pursuit craft. 

Flight testing may be classified, gen- 
erally, into three principal sections: — 


performance, flight characteristics, and 
the catchall, miscellaneous. Technic- 
ally, one might describe these cate- 
gories as : motion with respect to space 
axes, motion with respect to wind axes, 
and mechanical tests. 

Performance is concerned with what 
the airplane actually will do in ‘cov- 
ering” space. Flight characteristics in- 
volve determination of longitudinal, 
lateral and directional stability, control 
forces for various conditions of flight. 
In the miscellaneous grouping will be 
lound less vital tests, including instru- 
ment functioning, lighting, heating and 
ventilating installations, cockpit control 
arrangement and other matters. 

Naturally, the two first groupings 
are the most important, and also the 
most complicated from the flight test 
standpoint. Accumulation of data from 
past years of test results forms the 
basis for any test program, but the 
testing oi a high performance ship like 
the Airacobra pushes the frontiers much 
iarthcr, and occasionally we were forced 
to introduce test methods which were 
based on theoretical analysis to achieve 
reliable results. 

For example, in testing a 400-m.p.h. 
airplane, we were immediately aware of 
an obvious source of error: — the effect 
of compressibility on the airspeed meas- 
urements. The analysis by Zahm shows 
that the effect may amount to as much 
as 7 percent at 400 rn.p.h. Careful 
alignment and location of the pitot 
static head was found to be desirable 
to avoid local interference. If the pitot 
static head is not parallel to the direc- 
tion of airflow, errors are introduced 
and for some conditions, corrections 
were made to offset misalignment 
caused by changes of angle of attack. 

A most satisfactory method of air- 
speed meter calibration, used by NACA, 
where a calibrated head is suspended 
below the airplane by connecting tubes, 
was found impracticable for a single- 
seater fighter such as the Airacobra, 
and as a result we were forced to rely 
on calibrations over a speed course 
laid out on the ground. A novel method 
(Turn to page 96) 
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Cannon Over the Clouds! 



Snap-on 

salutes Bell achievement 
in the creation of 

AIRACOBRA 



new Ate of Amenta's 

"Flying Artillery" 



Snap-on is proud of its part in making possible the record-breaking 
production of America’s new super-pursuit plane, the sensational, 
cannon-carrying AIRACOBRA . . . developed from experimental 
stages to mass assembly line output in less than 300 days! 

Again the accuracy, speed and dependability 
of Snap-on tools prove their worth to in- 
dustry in times of emergency as well as in 
the daily grind of regular manufacture. In 
the words of Bell Aircraft Corporation: 


A few of the Snap-on 
Tool applications at 
the Bell Aircraft plant. 


"The compactness of 
advanced aircraft de- 
sign such as the Aira- 
cobra requires flexible 
tools that are strong 
and reliable. We use 
Snap-on tools because they fill this bill best for 
the Bell Aircraft Corporation.” 

Snap-on tools and service are conveniently near 
you from 34 factory branches at key air centers 
throughout America. Write for information. 


SALUTING THE BELL AIRACOBRA 



-ONE OF THE BEARINGS THAT CAN BE USED In the landing 
gear ... a vital part of the spindle assembly” is how 
the compact, anti-friction Torrington Needle Bear- 
ing is described by engineers of Bell Aircraft Corpo- 
ration. Shown above is I. g. assembly on newest Air- 
acobra Interceptor Pursuit Planes of U. S. Army. 


"THE LIGHT WEIGHT and extremely small O.D. of the 
Torrington Needle Bearing permits reduction in di- 
mensions and weight of surrounding members,” Bell 
engineers state, adding, "For its size, the Needle 
Bearing is found to be more efficient and has greater 
capacity than any other type of bearing.” 



SHAFT SERVES AS INNER RACE of the Needle Bearing in 
landing gear assembly. The bearing unit — consist- 
ing of accurately drawn, hardened outer race and 
a full complement of precision-ground, through- 
hardened rollers — is quickly and easily installed or 
removed for inspection. 


AILERON QUADRANT OF AIRACOBRA, shown above adja- 
cent to control stick, also is given anti-friction oper- 
ation by the use of compact Torrington Needle 
Bearings. Needle Bearings have large capacity for 
retention of lubricant, in which rollers and shaft 
constantly turn. 



If you have a bearing problem where high load capacity, small size, light weight, case of assem- 
bly and lubrication arc vital considerations, investigate the advantages of the Torrington Needle 
Bearing. Our Engineering Department will gladly work with you in adapting these advantages 
to your assemblies. For detailed information, write for Catalog JI4. For Needle Bearings to be 
used in heavier service, consult our Engineering Department for special bearing designs. 


Boston Philadelphia 


Cleveland Chicago 


TORRINGTON NEEDLE BEARING 
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Speeding up quantity 
production with 

TAYLOR-WINFIELD 

HI-WAVE WELDERS 


• The greatly expanded Aircraft Indus- 
try more and more is calling for speed 
up in deliveries to meet the nation's 
need for effective defense. 

In this program TAYLOR-WINFIELD 
Hi-Wave Welders are doing important 
work — dependable, fast, accurate. 

Among the many users of Hi-Wave 
Welders is Bell Aircraft, where in 300 
days the "Airacobra” was developed 
from blue print to mass production of 
one of America’s mightiest fighting 
weapons. 


TAYLOR - WINFIELD’S entire re- 
search and engineering facilities, 
backed by over forty years' experience 
in resistance welding, are at the dis- 
posal of aircraft and other manufac- 
turers of defense equipment in work- 
ing out resistance welding problems. 


ELECTRIC, BUTT 
SPOT AND SEAM 


REPRESENTATIVES IN All PRINCIPAL CITIES . . mu 



Fighter Philosophy 

( Continued from page 75) 


gun to the target. This fire control 
equipment was developed in cooperation 
with the Ordnance department, under 
the direction of die Air Corps. Besides 
this, the Airacuda incorporated power 
driven turrets ! 

All this had been accomplished before 
the Airacobra was built. With respect 
to the single-engine fighter, what we 
wanted was a craft capable of carrying 
an explosive shell-firing cannon on the 
centerline. Even at that time German 
aircraft manufacturers were installing 
20 mm. cannon between the banks of 
the cylinders of their vee-type liquid- 
cooled engines so that they fired through 
hollow propeller hubs. 

These 20 mm. cannon weren't big 
enough to satisfy our requirements, and 
Air Corps tests had convincingly dem- 
onstrated the superiority of 37 mm. 
projectile over the destructive power of 
the smaller bore cannon. Even if we 
had wanted to make use of the plan 
adopted by the Germans, there was no 
engine in the United States or Great 
Britain which would accommodate any 
cannon, much less a 37 mm. So we had 
to place the engine somewhere else 
besides the nose of the ship. 

Then we wanted tricycle landing 
gear. We wanted an arrangement which 
would have a generous tread for the 
rear wheels, and a long nose for the 
nose wheel. This would be impossible, 
if the engine were located in the nose. 
Forward position of the engine meant 
a short nose, and this meant a short 
wheelbase. And a short wheelbase 
made it impossible for use to obtain the 
generous tread we wanted for the rear 

With respect to vision, we were 
again stymied when we sought to de- 
sign a fighter with the engine located 
forward. Our design which won second 
place in the competition had room be- 
tween the propeller and the engine for 
the cannon installation, but the pilot was 
located to the rear. 

In designing our engine placement 
behind the pilot we moved forward into 
the nose the reduction gear, which is 
usually an integral part of the engine. 
In other words, the reduction gear was 
placed directly behind the propeller, 
with power being transmitted from the 
engine by the drive shaft. Besides all 
other advantages, this installation per- 
mitted speedy removal of the engine 
for overhaul and other service reasons 
without molesting the propeller, reduc- 
tion gear, drive shaft or cannon instal- 

What was the cost, in weight, for this 


50.7 lb. The drive shait. 10-ft. in length, 
weighs but 40 lb., while the single cen- 
ter bearing weighs 10.7 lb. We gave the 
drive shaft hundreds of hours of test- 
ing, on the block and under actual 
flight conditions, and its smooth func- 
tioning was beyond even our hopes. We 
designed the installation of this drive 
shaft so that during a terminal velocity 
pullout of 12 gs— more than any pilot 
could stand— the nose of the plane 
would deflect up to 14 in. But the drive 
shaft was engineered so that it could 
take a deflection up to 2 in. 

Let us consider for a moment the 
rewards gained front this engineering 
innovation in aircraft design. With re- 
spect to the 37 mm. cannon, we had 
shot into the sky a weapon capable of 
coping with the most potent weapons 
of mechanized cavalry divisions and 
mosquito boats. We had equipped an 
airplane with a weapon firing projec- 
tiles against which it was impossible 
successfully to armor plate other air- 
craft. Nor could any leak-proof gas 
tanks be installed which would with- 
stand the force of its explosive shells. 
In short, we had lifted anti-aircraft 
and anti-tank guns into the air ! 

Our tricycle landing gear gave us a 
fighter which could use four-lane high- 
ways for takeoff and landing purposes, 
more safely than many conventional 
pursuit planes could use a mile-square 
airport. In the event of wartime con- 
ditions, when landing fields would be 
bombed, or for emergency landings, our 
tricycle-geared craft was still safe to 
bring to earth. This applied no less 
strongly to night operations. 

Reports of actual combat use of fight- 
ers during the present World War have 
strengthened our belief in the need for 
tricycle gear equipment. In the present 
war, in certain operations up to 75 
percent of the losses have resulted from 
takeoffs and landings under bad condi- 


tions, particularly at night during 
stormy weather. With our Airacobra, it 
is possible to come in for landings at 
speeds varying from 80 to 140 m.p.h. 
For the first time, with respect to 
fighters, a plane had been developed in 
which the pilot didn’t have to run out 
of altitude and speed at the precise mo- 
ment he reached the proper spot on 
his landing field. And, of course, ground 
looping has been eliminated. 

Improved vision, beyond the obvious 
advantages it afforded, was to be impor- 
tant for several reasons which we didn’t 
know about at the time. This war, with 
its greater use of night flying, and its 
tremendous demands upon the physical 
stamina of the brave young men in 
fighter defense, was to require an air- 
plane in which tired pilots, coming back 
after grueling night battles to darkened 
airdromes, needed every particle ot 
vision which careful design could give 

Four years ago, I believe, many build- 
ers of aircraft confused the question 
ot firepower. In their effort to improve 
their products, they thought only in 
terms of the number of small caliber 

Opposed to this opinion, we have 
always felt that the important thing 
was the size of the projectile — the force 
of the striking blow. I suppose one 
could take all the 16-in. guns off a bat- 
tleship and in their place substitute per- 
haps 2,000 .30-caliber machine guns. 
But the effectiveness of the dreadnought 
would obviously have been lost during 
the transfer. And I am willing to con- 
cede that it might be possible to bring 
down a multi-motor bomber if you fired 
enough rice at it. But this procedure 
would be far more difficult than the 
firing of a well-aimed 37 mm. projec- 
tile, weighing 1.25 lb. 

The .30-caliber machine gun certainly 
had its place in the aircraft of the first 
(Turn to page 9S) 



Three planes ol the first Air Corps Pursuit Squadron to be outfitted with Airacobras. 
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Where strength and precision 
count most in aircraft’s formula 
for defense, there you will find 
parts made of OHIO QUALITY 
SEAMLESS TUBING. 


We are very proud and happy to 
have the opportunity of supply- 
ing Ohio Quality Seamless Tub- 
ing, important to Bell Aircraft 
Corporation, and in helping make 
possible their defense production 
record on the U. S. Army's 
potent, cannon-carrying, fighter 
airplane, the Airacobra. 



Airacobra 

(Continued from page 79) 


type” worm and gear, for retraction of 
the main wheels, is an interesting ap- 
plication of this kind of gearing to air- 
craft mechanisms, and it is designed 
to withstand severe landing loads in 
addition to its function in retraction. 
The high efficiency of the whole re- 
tracting system permits the wheels to 
be completely retracted in approximately 
18 seconds, and to be extended in 12 
seconds. An emergency hand crank is 
provided for manual operation in case 
of failure of the electrical system. 

While equipment men argued that the 
purpose of the airplane was to get their 
equipment in the air, the structures men 
countered that its purpose was to keep 
the equipment there. The result was .a 
well balanced design, which did all the 
designers asked of it. However, the 
demands of the present war-type air- 
plane were not all foreseen at the time 
and the idea that a wartime airplane 
would be very similar, but with "peace- 
time equipment” omitted, has been 

War abroad has forcefully brought 
home to us the necessity of revising 
our ideas of what constitutes a wartime 
airplane. The addition, instead of elim- 
ination, of radio and instruments, armor 
plate, self-sealing fuel tanks, and addi- 
tional armament have increased the 
weight by an amount which two years 
ago would have seemed inconceivable. 
The armament which seemed so ade- 
quate has been improved by the addi- 
tion of four wing guns. In all, a total 
of 500 lb. has been added in armor 
plate and fuel tank protection, and the 
airplane carries more than \ ton of 
guns and ammunition. 

Likewise, prospects of war threw 
other complications into the picture. 
The Airacobra must be put into pro- 
duction. One of the most important 
considerations in production design is 
the interchangeability of parts. This 
has been accomplished by the elimina- 
tion of all possible hand work, with a 
combination of accurate tooling and ex- 
pert lofting making it possible. The 
P-39 airplane is by its basic design an 
ideal subject for mass production, if 
such a thing is possible at the present 
time in conventional aircraft manufac- 
ture. It is built up of numerous sub- 
assemblies. Principal among these are 
the forward and aft fuselage assem- 
blies, the wing panels, tips center sec- 
tion carry-thru, superstructure, cabin, 
doors, landing gear and control sur- 
faces. Each is designed to be as 
nearly as possible a complete unit. 


Subassemblies incorporating all in- 
stallations are built up in their own 
assembly lines which feed into the main 
assembly line in orderly fashion. Here 
the idea laid down of segregating all 
the various installations has proven a 
definite advantage. In the same man- 
ner the problem of servicing the air- 
plane is solved. Several crews of me- 
chanics may be working on various 
parts of the airplane without inter- 
fering with each other. The engine, 
armament and radio installations are 
in more or less localized portions of the 
airplane. Therefore adjustments and 
repairs are more easily accomplished. 

For evidence to substantiate our belief 
that we have licked the engineering 
problems associated with the develop- 
ment and quantity construction of the 
Airacobra, I can think of no better 
authority than Maj. Gen. Henry H. 


Arnold. I quote from a speech de- 
livered by him before the Women's 
National Democratic Club at Washing- 
ton, D. C., May 12 this year — 

I can tell you that one of the world's 
fastest pursuit airplanes, the Airacobra. 
is now in production in the United States. 
This remarkable airplane is worthy of its 
name. It is armed not only with ma- 
chine guns, but with cannon as well. To 
facilitate operating these guns and pro- 
vide better visibility for the pilot, the 
engine is located in back of the pilot. 
We expect great things of the Airacobra. 
in its final form with armor plate and its 
leakproof tanks. 

In this day and age, our fighting planes 
with their keen, alert pilots must be able 
to climb rapidly high into the air — far 
above hostile bombers. They must be able 
to maneuver easily and have the speed to 
place themselves where they can blow their 
adversary's plane into a thousand pieces. 
That our Airacobra can do. 
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To "keep ’em flying" is not a matter only of reliable 
planes like these swift Bell Airacobras. 

It's also a matter of accurately trained fighting and 
bombing pilots. 

To fight at 400 miles an hour or more, to find and 
bomb "a needle in a haystack", to perform difficult 
missions without benefit of radio beams — all demand 
the utmost in - accurate flight. 


So American and British pilots are trained accurately 
— with Kollsman Precision Instruments. For they’ll see 
those same familiar Kollsman faces in fighting and 
bombing planes on both land and seal 


KOLLSMAN 


NECISIIN JIICUFI IMSTRBMENTS 

'jJ/r/drb// #/ 






SALUTING THE BELL AIRACOBRA 






Firing explosive shells from a 
cannon, the Bell Airacobra is one 
of the world’s deadliest fighting 
planes. Its cannon fire is reinforced 
by sprays of bullets from its ma- 
chine guns. 

Deadly armament is made all the 
more effective by great maneuvera- 
bility of these planes, built by Bell 
Aircraft Corporation, Buffalo, N.Y. 

In test flights, for the safe lubrica- 
tion of the Airacobras’ 1150 hp 
Allison engines. Bell Aircraft relies 
on Sinclair Pennsylvania Motor Oil. 
For further information about 
Sinclair Pennsylvania or other Sin- 
clair aircraft engine oils, write 
Sinclair Refining Company, 630 
Fifth Ave., New York, N. Y. 

(if//) Tcil pilot. Ceman projecting through plane propeller hub. 


SINCLAIR REFINING COMPANY (Inc.) 


ELECTRONIC 

BLACK 



/ 




In the cockpits of America's tough little 
fighters . . . powerful, long-range bombers . . . com- 
mercial airliners ... in the control rooms of huge 
dreadnaughts, cruisers, and destroyers . . . Black 
Light, by Electronic, is being increasingly used for 
illuminating vital flight and navigation instruments. 

Illustrated at the right is a typical Electronic in- 
stallation in the U. S. Army Air Corps high-perform- 
ance, cannon-carrying fighter . . . the Bell Airacobra. 

Electronic Black Light renders all vital flight and 
navigation instruments clearly visible to the pilot or 
navigation officer. Black Light is restful to the officer's 
eyes ... all objectionable glare is removed from the 
cockpit or control room. 

Electronic Laboratories also supply the aviation 
industry with a wide variety of vibrator-type power 
supplies, inverters, control boxes, lamp assemblies 
and fixtures. No higher tribute can be paid the de- 
pendability and performance of Electronic Lighting 
Equipment than this simple statement: It fully meets 
the specifications and rigid tests of the U. S. Army, 
Navy and Coast Guard, and is required equipment on 
U. S. Army and Nary planes. 

For further information, address the Lighting 
Division of Electronic Laboratories. 


• Electronic Type X-206 Lamp Assembly 
installed in cockpit of Bell Airacobra. 


ELECTRONIC LABORATORIES, INC. 


LIGHTING DIVISION, INDIANAPOLIS, INDIANA 


Flight Testing 

( Continued from page 85) 


of clocking the start and finish times 
over this course was used, because it 
was difficult for the pilot to maintain 
high speed, plus steady flight, so close 
to the ground, and himself time the 
markers. 

At each end of the course a man was 
stationed; at one end a timer with a 
stop watch, and at the other, a man 
with a set of photoflash bulbs. The 
watch was started when the plane 
crossed the first marker of the course, 
and was stopped on receiving a flash of 
flight from the finish lines. No diffi- 
culty was experienced in seeing clearly 
the flash in daylight, at distances of 

Climb tests offered no particular aero- 
dynamic or mechanical difficulties. 
Extra care had to be taken, however, to 
insure that time measurements in saw- 
tooth climbs (a series of climbs made at 
a number of predetermined air speeds 
and given power settings) were accu- 
rate, as the Airacobra disclosed excep- 
tionally high rates of climb, and the 
corresponding time intervals for moder- 
ate altitude range were relatively short. 

At this point it may be in order to 
touch briefly upon one of the most im- 
portant problems which we faced, a 
problem on which further research is 
now being conducted by scientists in 
this country and elsewhere. I am re- 
ferring to a physical condition suffered 
by pilots, similar to the deep sea divers’ 
enemy, "the bends.” When the atmos- 
pheric pressure on the human body is 
suddenly reduced, bubbles of nitrogen 
gas form in the blood and interfere with 
normal circulation. This can and does 
happen during certain flight conditions, 
just as surely as it happens during deep 
sea diving. And the results may be 
just as drastic, sometimes fatal. 

Today pursuit planes have reached 
speed and rate of climb characteristics 
which are quite capable of producing 
the bends, but four years ago this 
problem of air-induced bends was some- 
thing new, although we knew that a 
test pilot for another company had been 
to the hospital for treatment following 
a flight which involved a long, rapid 

During the flight tests of the P-39, 
prolonged climbs were avoided except 
when necessary, and the use of oxygen 
assisted in preventing any occurrence of 
bends. In addition, the test program 
covered a considerable period of time, 
and we have since learned that the 
pilot undergoes a certain amount of 
physical adjustment, when repeatedly 
exposed to rapid atmospheric pressure 


drops. Recent medical research has 
also shown that breathing pure oxygen 
is of material aid in developing in- 
creased resistance to bends by reducing 
the average nitrogen content of the 
blood. The usual service type of oxy- 
gen supply was used which increases 
the proportion of oxygen breathed, and 
it is possible the continued use of this 
richer oxygen breathing mixture, over 
a period of time during the altitude 
testing work, induced a certain amount 
of immunity. 

It was to be expected that direc- 
tional stability tests would be necessary 
as the fuselage of the Airacobra pre- 
sents a quite clean streamlined shape. 
Here again, we know in 1941 — but not 
in 1937 — that the shapes of high per- 
formance airplane fuselages have ma- 
terially lowered directional stability. 

To conduct our stability measure- 
ments quantitatively, a yaw vane, re- 
sembling a wind vane, was installed on 
top of the cabin, and intentional side- 
slips were made during various condi- 
tions of flight. We found that with the 
original experimental verticle tail, 
rather large angles of sideslip could 
easily be produced, and that at the high- 
est angles, rudder instability appeared. 
Increased fin area was required, and 
the alternative solution of dorsal fins 
was satisfactory. Our final design de- 
cision was made on a basis of struc- 
tural considerations. 

Longitudinal stability and control is 
a critical factor for high speed pursuit 
planes, but it is becoming increasingly 
difficult to achieve the desirable range 
of stick motion and control forces for 
both high speed and low speed condi- 
tions. Consequently, a rather detailed 
investigation was conducted on both 
longitudinal stability and control. Stick 
force and deflection measuring devices 
were installed and tests were made of 
the actual quantities obtained in flight 
for relatively large ranges of speed, 
power on and power off, and consider- 
able shift in center of gravity location. 

Particularly interesting to us were 
the effects of center of gravity shift. In 
an exaggerated rear position, not found 
in operating conditions, stability de- 
creased greatly and the long period 
“roller coaster” oscillation known as the 
phygoid became undamped. 

In other words, the airplane would 
perform a beautiful climbing and diving 
maneuver, with a period of about 50 
seconds for the entire cycle. This re- 
sulted after an initial violent start had 
been obtained. Trim for this extreme 
position of the CG reversed, so that 
power off caused the nose to rise, and 
power on caused descent. At the same 
time, control became quite sensitive. 

Because the maximum range of CG 
travel for all possible loading condi- 
tions never reached this exaggerated 


rear position, the information gained 
was of general interest only, and con- 
tributed to the quantitative data obtained 
regarding the effects of movement of 
center of gravity in fighter planes in a 
speed range wherein the Airacobra was 
a pioneer. 

The Airacobra incorporated a rela- 
tively new type of radiator installation, 
set in the leading edge of the wing and 
exhausting cooling air near the trailing 
edge. Full scale wind tunnel tests failed 
to check completely flight tests results, 
so exhaustive tests were made with 
progressive modification of the duct ar- 
rangement until the optimum design 

Cooling in climb was critical and 
climb tests were difficult to obtain with 
sufficient accuracy. Because of the high 
rates of climb, all of the pilot's attention 
had to be concentrated in maintaining 
constant power and steady rate of climb. 
Therefore a photographic recording box 
was installed inside the nose of the 
fuselage, with a duplicate set of instru- 
ments. All readings could be instantly 
recorded by simply pressing a button 
on the control stick. The setup proved 
to be invaluable in reducing pilot effort, 
and also in increasing the accuracy of 

Air loads on the flaps and landing 
gear were measured by installing an 
ammeter and voltmeter on the record- 
ing panel and determining the power 
required by the electric motor to retract 
and extend the gear. 

Problems met and solved in testing 
the Airacobra may be expected in any 
new design. We ran into more prob- 
lems than usually would be the case for 
two principal reasons: — (1) The Aira- 
cobra was developed during the transi- 
tion from 300 m.p.h. to 400 m.p.h. air- 
planes, and some cut-and-try methods of 
testing which were good enough for the 
earlier planes no longer were accepti- 
ble. (2) The Airacobra contained 
many more engineering innovations 
than would be found in the usual "new 
airplane." 

But the science of flight testing has 
not become static. Flight engineers 
must advance, in step with the design 
engineers. Already new problems are 
looming over the horizon, demanding 
that answers be found. Military speeds, 
forced by the needs of World War II, 
arc pushing toward the 450 m.p.h. 
mark, and the day seems not too far 
distant when 500 m.p.h. will be fact 
instead of fiction. Perhaps by then 
the methods we used will also have 
become obsolete or inadequate. 

Among the problems which the flight 
engineers must solve are the effects of 
compressibility, which will become more 
and more appreciable. This is going 
to be hard to do, because simple laws 
used in ordinary methods of data reduc- 
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Wheel Retractors 


Incorporated in the new super-speed 
Interceptor, the BELL AIRACOBRA, 
are the latest devices to help make our 
Air Corps second to none in fighting 

Among the numerous features of the 
AIRACOBRA— which is capable of 
mounting several machine guns and a 
cannon— is its unique, completely re- 
tractable tricycle landing gear, elimi- 
nating hazard of ground looping, 
nosing over, and increasing safety. 

To save precious space and weight, 
to provide positive and simplified gear 
operation of the retracting mechanism, 
Bell Aircraft Corp. employs Cone-Drive 


mechanically driven worm and sector 
units (see detail, above). 

For, through Cone-Drive's greater 
load carrying capacity, smaller gearing 
will do the work with a higher safety 
factor, particularly since the Cone-Drive 
gearing employed is self-locking. Elimi- 
nated are mechanical locks, hydraulic 
tubing, vulnerability to machinegun fire. 

JJ you are not acquainted with this 
"double enveloping” form of gearing, with 
its greater number of teeth hi contact, its 
vastly greater area contact per tooth, and 
its auto-lubricating characteristics, we will 

he glad to send you complete information. K0I10J tow , ,o o- n , gn 
(For the Executive: Bulletin CW-41 B; for Uw°"'s-pm.°H"oh 3OM0 ,' P V. 

the Designing Engineer: Manual CW-41 A) siui (C.D.) Low, s/s in; High, n I /2in. 
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SALUTING THE BELL AIRACOBRA 



Ryerson Certified Steels 
Help Build Airacobras 


When stepped-up production schedules for these 
speedy fighter-planes demand quick shipment of 
uniform, high quality steel, Bell Aircraft Corp. calls 
Ryerson. Special sheets . . . alloys . . . hot and cold 
rolled bars . . . strip steel . . . tool steel . . . stainless 
steel and many other Ryerson products vital to 
America’s Emergency are used by Bell in building 
the Airacobras. 

Stocks at the 10 Ryerson plants are reasonably 
complete, and service in general is prompt. In times 
like these, naturally many sizes of certain products 
are low, some are out. But for the most part, you 
can depend on Ryerson for good service on thous- 
ands of different kinds, shapes and sizes of steel 
and allied products. 

Joseph T. Ryerson & Son, Inc. Plants at: Chicago, Milwaukee, St. Louis, 

Cincinnati, Cleveland, Detroit, Buffalo, Philadelphia, Boston, Jersey City. 
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STEELS 


lion don’t always apply. Exhaust- 
driven superchargers introduce new 
and complicated factors into the deter- 
mination of power output, and exten- 
sive research will be required to evalu- 
ate them. The possibility of hydraulic 
power transmission destroys the usual 
relation of engine speed to propeller 
speed and introduces complications in 
interpretation of results. Harnessing 
potential power in exhaust gases for 
propulsion presents a host of problems, 
tor which there arc no answers in the 
back of the 1941 flight engineer’s book. 

As each problem arises, methods will 
have to be developed to solve them, 
and flight testing will become more than 
ever a highly technical profession. A 
job that will ever require more train- 
ing. Also one which will present more 
satisfying rewards ! 


Fighter Philosophy 

( Continued from page 90) 


World War, but it has no place in the 
present, and we are at last almost agreed 
on this point. 

Much has been said about the rela- 
tive merits of the multi-motored bomber 
and the single-engined fighter pursuit. 
Take, if you will, a four-engined 
bomber. Install on it four turrets, one 
in the nose, one in the tail, one in the 
belly and one topside. Assume that each 
turret has a 37 mm. cannon, which can 
be aimed by the gunners. Assume, also, 
that this air giant has no blind spots. 

As an attacker, take an Airacobra, 
with its 37 mm. cannon on the center- 
line. From any angle of attack, it is an 
even match for the bomber. Except for 
the difference in the size of target 
which the two craft present. 

But what happens if the big bomber 
is simultaneously attacked by- two or 
three or six Airacobras. each with its 
37 nun. cannon? From different direc- 
tions? What then? 

As I have said before, we at Bell Air- 
craft hold no secret to the production 
of high performance airplanes. We 
know no secrets which are forbidden to 
the other manufacturers. Such success 
as we have enjoyed during these past 
six years has been due to the fact that 
we were armament minded. Every plane 
the company has ever built first con- 
sidered armament location, and we have 
paid so much attention to this phase of 
aerial warfare that we have developed- 
a large ordnance division specializing 
on recoil and automatic feed mechan- 
isms for aircraft and antiaircraft guns. 

That’s the philosophy behind the Aira- 
cobra. Realization of the basic reason 
for fighter airplanes — winged weapons 
with a knockout punch ! 

AVIATION, July. 1311 
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“COMPIETEIY 


DEPENDABLE FOR THIS IMPORTANT JOB’:.. 


Bel/ Aircraft Corp. 



MACWHYTt COMPANY • 2946 FOURTEENTH AVE. • KENOSHA, WIS. • Manufacturer! ,J Rape Wire.Braided Wire Rope Sling, —Maul 
Meta! and Stainleit Steel Wire Rope — Aircraft Cable — “ Soft-Lock " Cable Terminals— Aircraft Tie Rod, — and Wire Ropes for all requirements. 


MAC WHYTE 

"SAFE-LOCK" SWAGED CABLE TERMINAL*) 


bye End Fork End Turnbucble End Stud End 
Made from stainless steel. Supplied attached or separate. 

MAC WHYTE 

TIE RODS 

Like “Hi- Fatigue” Cables, Macwhyte Tie -Rods con- 
form to all A. N. specifications. Available in 

Streamline ■ Square • Round 


MACWHYTE 

'HI -FATIGUE" AIRCRAFT CABLES 

Flexible 7x7, Combines strength 
and flexibility. For use on controls 
abrasion is a factor, where ex- 
pliability is not necessary. 


Extra-Flexible 7 x 19. Used ex- 
tensively on all types.aircraft controls. 
Its extreme'flexibility makes it adaptable 


Semi-Rigid 1 x 19. High ii 
tensile strength. Specially made fo 
i bracing purposes. 
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Defense for America 1 


AIRACOBRA 


Thanks and congratulations to the Bell Aircraft Corpora- 
tion for the 'Airacobra," said to be the hardest hitting 
pursuit plane in the world— now ready for the defense of 
America. 

It is a source of pride and gratification to us that Pioneer 
Pl-B Parachutes are being used by Test Pilots of these 
great new ships. 
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ACCESSIBILITY 


• Over one thousand Camlocs are used on each Bell Airacobra. 
(P 39 Interceptor). 

Camloc fasteners contribute to an important feature of this 
airplane — easy access to under-the-sldn areas. 


Flush mounted, circular dimensioned and adapted t 
the demands of the latest aerodynamic designs. 


the Camloc meets 


The application of Camlocs is simple. One drilling and one flanging operation for each unit 
completes the attachment. 


Camlocs are flanged with rivet squeezers, thus speeding up the assembly line. 



c 


FASTENER COMPANY, INC. 



BUYER'S LOG BOOK 


Aircraft wing or parts manufacturers should be interested in a new small light 
weight toggle clamp brought out by Detroit Stamping Co., Detroit, Mich. In- 
tended for holding parts during welding, drilling, machining, assembly, and 
other production operations, the clamp is made of cold drawn, tough cadmium 
plated steel weighing only 9{ oz. measuring 6x6x1 3/16 in. A special rubber 
bolt head to fit | in. bolt is furnished with each Dc-Sta-Co Model 200 Junior 
Gamp to avoid marking or denting of surfaces being clamped — Aviation, July, 
1941. 

Announcing another Speedmatic Saw, Porter-Cable Co.. Syracuse, N. Y-, have 
a new light weight high-speed electric hand saw, Type K-65. Machine, equipped 
with a | hp. Universal motor, carries a 6Jr-in. diameter blade, with a cutting 
capacity of 2 in. material, yet weighs only 15J lb. Base raises and lowers for 
depth adjustment, and tilts to 45 deg. for bevels. Manufacturer says that through 
use of the helical cut gear drive in this tool 98 percent of the motor power is 
transmitted to the drive shaft in comparison with 76 percent usually delivered in 
worm gear driver speed saws. Standard equipment includes combination saw 
blade, ripping guide, cross-cutting guide, 15 ft. insulated cable with plug and 
socket, and blade change wrench. — Aviation, July, 1941. 

An aircraft engine gage, produced by Thomas A. Edison, Inc., West Orange, 
N. J., combines three independent elements in one instrument. These are (1) 
an electrical resistance thermometer to indicate oil temperature; (2) an oil pres- 
sure gage, and (3) a vented fuel pressure gage. In normal operation the three 
pointers form an inverted T which facilitates rapid reading. Any deviation 
from the normal is immediately apparent. Use of electrical type thermometer 
eliminates necessity of a sealed vapor pressure system connecting instrument 
with temperature bulb. Instrument is offered in standard form for operation on 
two voltages. Type BV-12, for 12-v. battery (calibrated at 14 v. ), and BV-24, 
for 24-v. battery (calibrated at 27 v.). Certain modifications of this standard 
form are available. — Aviation, July, 1941. 

Newly designed airplane pump is announced by Eastern Engineering Co., New 
Haven, Conn., which is entirely explosion proof, is compact, and can be mounted 
in any position. Approved by the Air Corps, it will operate in lines having 
static pressure up to 150 lb. sq.in., and is designed for use as a booster fuel 
pump and in heating or refrigerator systems. Called Model AIR-1 Aeroplane 
Pump, it is the centrifugal (open impeller) type, having a maximum pressure 
(water) of 28 Ib./sq.in.; (gasoline), 25 Ib./sq.in.; maximum capacity (water), 
8 gal. per min.; (gasoline) 6j gal. per min. Pump body'is made of duralumin, 
with the impeller of bronze and shaft of stainless steel. Size — 8 jx4x4 in. ; weight 
4.2 lb. — Aviation, July, 1941. 

An increasing application of Bardco emergency standby electric generating 
plants to aircraft factory installations is reported by the Bardco Mfg. & Sales 
Co. of Los Angeles, Calif., and Dayton, Ohio. Chief feature of new Bardco 
standby equipment is ability to pick up full power load within 3 sec. after 
interruption of primary power source. Automatic controls also stop the plant 
a predetermined number of minutes after resumption of normal power. Units are 
available in capacities from 5 KVA to 200 KVA and can be operated in parallel 
to handle loads larger than 200 KVA. Engines to burn gasoline, natural gas, 
butane or diesel fuel are supplied. — Aviation, July, 1941. 

For use on shear bolts where a high degree of stress is lateral, and for general 
application to light and medium stress fastenings, an improved line of thin hex 
nuts is announced by Elastic Slop Nut Corp., Union, N. J. Developed to meet 
demand for a self-locking fastening which offers savings in space, weight and 
cost, these nuts have about 40 percent of the strength of standard-height hex 
nuts, and arc approved by all military and civil authorities. Self-locking action 
is accomplished by vulcanized fiber collar built into head of nut, as in standard- 
height Stop-Nuts. Thin hex nuts arc available in steel, brass and aluminum 
in a complete range of sizes. — Aviation, July, 1941. 
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SALUTING THE BELL AIRAC0BRA 



Especially designed for 12 and 24 volt circuits. 
Available in 10 to 60 amp. ratings. Standard equip- 

used for a wide variety of other applications. 

For detailed information on Aircraft circuit break- 
ers write to Section D-1847, Appliance and Merchan- 
dise Dept., General Electric Co., Bridgeport, Conn. 


GENERAL 

P 

ELECTRIC 
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The U. S. Army’s cannon carrying Interceptor 
Pursuit, the powerful and speedy Bell Airacobra, 
with its Allison liquid-cooled engine, is equipped 
with Wittek Type FB Hose Clamps. 

Leading aircraft manufacturers, engine builders, 
and airlines name the Wittek Type FB as the 
standard specifications hose clamp. 



WITTEK 

MANUFACTURING CO. 
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SALUTING THE BEU AIRACOBRA 




S. S. WHITE FLEXIBLE SHAFTS 
perform Important duties.. 

F ROM Aviation's beginning, S. S. WHITE Flexible 
Shafts have been universally used for a steadily 
growing number of applications. The list at the left 
reveals the responsible duties they perform with un- 
failing dependability in both military and commercial 

So it is not surprising to find S. S. WHITE Flexible 
Shafts in the great Bell AIRACOBRA where they are 
used for operating the Prestone shutter (shown be- 
low) which regulates the flow of air to the engine 
cooling system, and for control of the aileron tabs. 



S. S. WHITE 

The S. S. White Dental Mfg. Co. 

INDUSTRIAL DIVISION 

Department S, 10 East 40th St., New York, N. Y. 
PACIFIC COAST REPRESENTATIVE 
PACIFIC SCIENTIFIC COMPANY : Lot Angela : San Francitca 

FLEXIBLE SHAFTS lor POWER DRIVES. REMOTE CONTROL and COUPLING 


Every "Minus-Ounce" Counls 



with Bell AIRACOBRA 


★ Stripped to the essentials — the Bell Airacobra, and 
Guardian Aircraft Relays. Not an excess ounce — not a 
fraction of a cubic inch more than necessary ... in short 
. . . the Bell Airacobra. 


DITTO for a Guardian Aircraft Relay — or any relay in 
the Guardian line — the line that offers the largest variety 
in the country . . . 

SillilLlVJfS by GUARDIAN 

Under this heading comes America's widest range of Re- 
lays — Solenoids — Switches and Special Control Units. 
Used to protect aviation instruments from sudden over- 
loads — automatic band switching of the radio aloft or 
aground — transfer relays — signals — gunfire — lights — 
there's seldom a takeoff without Relays by Guardian rid- 
ing along to insure unfailing performance at important 
control points. 

Numerous Approved Relays and Controls by Guardian 

we urge you to try B-1A and B-4 Gun Switch Controls • . . Gun 
Control Relays . . . Midget Relays . . . 

Remote Controls and other Govern- 
ment quickly available at Guardian 
Electric. Light weight, compact, safe, 
flexible, easy to mount and service. 

Will You Grasp This Offer? 

What are your control needs? There's a 
good chance you’ll find the answer in 
Guardian's New 1941 Catalog. Send 
for your copy now. No Obligation. 

FREE —Get New 1941 Catalog "T” Today. Write 

Ditact Factory RoprotonMivo — R. E. Rom— Lot Angola t, Calif. 



GUARDIAN m ELECTRIC 

1014 West Walnut Street Chicago, Illinois 






Despatch CF Type Furnace 


Communication between instructor and student in pilot training is greatly facil- 
itated by the new Aviation Inter-Communicator Unit developed by MeUaphone 
Corp., Rochester, N. Y. Consisting of amplifier, microphone and earphones, 
the amplifier, complete with batteries and tubes, is small enough to fit into a 
jacket pocket. Jacks for two microphones and two sets of headphones are pro- 
vided to give two-way communication when needed. A connection for plugging 
into the plane’s radio also enables both instructor and student to hear control 
tower directions while at the same time permitting communication with each 
other without any shift of the controls or connections. — Aviation, July, 1941. 

An outstanding improvement over older CF type furnaces, the new heavy duty 
Despatch furnace is said to be more adaptable to toolroom tempering and draw- 
ing, to the heat treatment of aluminum and magnesium alloy castings, and to 
general production work requiring a temperature range from 300 to 1,200 deg. F. 
Made by Despatch Oven Co., Minneapolis, Minn., body construction is a great 
deal heavier, and heavy duty lift doors replace former swing type. Fan capacities 
have been increased and, with special heat distributing and air circulating ducts, 
horizontal airflow above and below each shelf is obtained. — Aviation, July, 1941. 

For high altitude flying by bombers, fighters and commercial transports, AC 
Spark Plug Division of General Motors, Flint, Mich., has developed a new 
type spark plug. The plug is new in design and material, and its ceramic insulator 
is next in hardness to the diamond. Made for the higher output engines, which 
have been developed for the large bombers flying great distances under heavy 
loads during the most severe weather, it functions efficiently under these con- 
ditions. — Aviation, July, 1941. 

For installation in fuel vent lines, instrument pressure or vacuum lines, and 
de-icing equipment, Kenyon Instrument Co., Inc., Huntington Station, Long 
Island, N. Y., has a check-relief valve which represents a departure of signifi- 
cance. As its designation implies, it combines features of both check and relief 
valves in fuel lines, etc., and affords distinct advantages wherever you are con- 
fronted with a problem involving fuel expansion, fuel tank purging, climbing, 
pressure fuel systems, testing and catapulting. — Aviation, July, 1941. 
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A new hacksaw, with special advantages in aircraft construction, has just been 
introduced by Rapid Mfg. Co., Glendale, Calif. Quickly convertible to a taper 
frame, this saw is particularly handy for work in tight corners or at any angle. 
New saw has an automatic tension lock, by which a cam action in the steel 
handle is said to lock the blade in place with a pull tension greater than any 
other frame. A guard prevents skinned knuckles resulting from contact with 
rough edges of sawed metal. Line includes 10 and 12-in. standard all-steel 
frames with tension lock, and 12 and 14-in. heavy duty saws.— Aviation, July, 

mi. 

A new type of electric gage ior measuring wall thicknesses of hollow aluminum 
propellers has been built by General Electric Co., Schenectady, N. Y. Instrument 
is also applicable to thickness measurement of any non-magnetic metal when 
only one side is accessible, even if the non-magnetic metal is backed up by a 
magnetic metal. Thicknesses up to I; in., depending on electrical sensitivity oi 
metal, can be measured within an accuracy of 5 percent. — Aviation - , July, 1941. 

“Nose comfort”, as well as eye strain prevention, is supplied by “Neophan" 
goggles made by Fisli-Schurman Coro., New York, N. Y\, which are said to 
fully absorb the yellow rays emitted in welding, cutting or burning operations, 
especially in aluminum, without altering the rest of the colors in the spectrum. 
Elimination of the strong yellow sodium light actually enhances perception of 
other colors, and sketches or blueprints may easily be read without removing the 
goggles. Having optimum effectiveness at a thickness of only 2 mm., the 
lenses are light in weight, assuring maximum comiort, as the goggles do not 
press on the bridge of the nose. — Aviation, July, 1941. 

Plastic products increasingly are entering into aircraft manufacture. A new 
line of extruded plastise, chip and corrosive proof, flexible and light in weight, 
called “Plastikmould” and “Plastiktrim", have been announced by R. D. Werner 
Co., Inc., New York, N. Y. They are made in a wide range of colors in similar 
shapes and sizes as now supplied in aluminum. Company also produces rods, 
tubes and other items both flexible and rigid, offering many possible applications 
in the lightplane and commercial transport fields. — Aviation, July, 1941. 

Precision accuracy and a rugged design have been built into the new 25 in. 
drill press made by Sibley Machine & Foundry Corf., South Bend, Ind. Instant 
change of feeds and speeds are effected by cam operated levers within easy 
reach of operator. Spindle speeds range from 75 to 1,500 r.p.m., and feeds 
from .005 to .045 in. The 6-splined spindle can be operated either by power or 
hand feed; the travel by power is 12 in.; by hand, 12 J in. Transmission is a 
complete removable unit with transmission shafts mounted on anti-friction bear- 
ings. Multi-splined shafts are used throughout, and all gears operate in a bath 
of oil, providing a smooth, powerful drive. Tapping operations are controlled 
by electrical reversing switches, operating through a starting lever. Overall 
height of drill is 9 ft. 6 in. and working surface of table is 18ix24 in. — Aviation. 
July, 1941. 

Pioneered for the national emergency, a new arc welding machine is announced 
by The Lincoln Electric Co., Cleveland, Ohio. Most important feature is Lincoln's 
“dual continuous control” which permits independent adjustment of both weld- 
ing current and voltage to obtain just the right type and intensity of welding arc. 
Adjustable in a continuous sequence of fine increments, the control avoids the 
compromise settings of conventional welding current controls. Delivering 10 
amp. at the arc without extra attachments, unit is suited for welding the lighter 
gage aircraft steels and the welder's range also adapts it for heavy materials. — 
Aviation, July, 1941. 
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(Jutttdndiaef Tehfio*unaace ! 

IN THE AIR - the AiAacaltAci! 


IN THE SHOP - 


proud of the part General Multiple 
Riveters are playing in the fabrication of the Bell 
Airacobra for the U. S. Army. Many other impor- 
tant aircraft plants, also, are finding General Riv- 
eters invaluable in speeding up production and 
maintaining the highest standard of quality. We 
shall be glad to send our new catalog to anyone 
with a riveting problem. 


GENERAL ENGINEERING COMPANY 


1338 WEST AVE., BUFFALO, N. Y. NEW YORK OFFICE: 11 WEST 42ND ST. 


When you want Men 

If you want competent and efficient execu- 
tives or assistants, experienced in the field 
served by this journal, you will naturally 
find the keenest and most progressive men 
in the industry among the readers of this 
paper. You can get their attention through 
a Position Vacant advertisement in the next 
issue, or possibly find the man you want 
now among the Position Wanted adver- 

columns of 

AVIATION’S 
MARKET PLACE 


When You Need 
Quick Action . . . 

on Opportunities available 
or wanted in Aviation 

lie 

The “Market Place” 
of 

Aviation 

Published Each Month 
Copy received until June 16 for the July issue. 



A famous AIRACOBRA. we ioln in saluting Bell 
Alrcrait Corporation and the Army Air Corps on 

AIRCRAFT HARDWARE MANUFACTURING CO. INC. 

1381 LAFAYETTE AVE„ 

NEW YORK CITY 
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A bell jar, vacuum pump and altitude 
meter test for simulating high altitude 
operating conditions is only one of many 
special tests used by Dunco engineers to 
eliminate guesswork from aviation relay 
and solenoid construction. Shock tests — 
vibration tests — high-frequency tests — 
strenuous load current tests and various 
others are combined in the design and 
manufacture of Dunco Relays to make 
them unexcelled for the exacting and diffi- 
cult requirements of aviation services. 

In addition to many aviation units, 


Dunco offers a complete line for ordinary 
or special industrial requirements — plus 
a specialized engineering service in adapt- 
ing relays 1 00% to your particular require- 
ments. The Dunco General Catalog or 
the new Dunco Aviation Relay Bulletin 
will gladly be sent upon request. 


Dunco jsl 

A Complete, 2uaULf Jline — OncLiaidualLf Adapted to tyou* Specific fieedi 

STRUTHERS DUNN, INC., 1 322 CHERRY ST., PHILADELPHIA, PA. 






Bearings, molded to size and snape desired, are made by Keystone Carbon Co., 
St. .Mary's, Pa. Sclflube porous bronze bearings are made from powdered alloys 
which are molded, then baked, and finally quenched in a good grade of oil. Oil 
reserve often lasts entire life of application. Because of their high strength, 
having a tensile strength of 35,000 lb. p.s.i., these bearings will carry maximum 
loads without distorting or breaking. Low friction coefficient prevents excessive 
temperature, speed reduction, noise and scoring of shaft. — Aviation, July, 1941. 

A variable speed vertical slotter designed for die shop, toolroom and repair 
shop operation is introduced by Hunter Engineering Co.. Riverside, Calif. 
Adaptable to a wide variety of machining operations, the Hunter Vertical Slotter 
has a work table provided with longitudinal T-slots, and is adjustable by hand 
feed in longitudinal and transverse directions and vertically. Maximum stroke 
of ram is 4J in., and ram may be tilted either right or left through a 10 deg. 
angle for cutting tapered key-ways, etc. The positive acting clutch may be 
operated from either side of the machine, making it possible to stop the ram at 
any point. Machine is very compact, 63fx38x48 in. — Aviation, July, 1941. 

Incorporating a Neoprene cushion permanently welded to the inside surface of 
tlie clamp, a new style tube clip has been announced by Bendix Aviation, Ltd., 
Burbank, Calif. Available in sizes from i in. up, the new clip is called "Cushion- 
Clamp.” Elimination of all Neoprene outside the clamp reduces by 60 
percent the area exposed to combustion. Permanent bonding of Neoprene to 
the clamp prevents it from creeping or rolling out of place, eliminating assembly 
difficulties experienced heretofore and speeding up installation. Bonding process 
likewise prevents the Neoprene from extruding under pressure; the full cushion 
is preserved and the tube does not tend to become loose in the clamp. Permanent 
conductivity is also claimed for the Bendix “Cushion-Clamp” by riveting the 
bonding strip to the clamp with an integral upset eyelet. — Aviation, July, 1941. 

A Phantom Doorman, designed for use on single-acting hinged doors, will con- 
serve time and assist in maintaining efficiency in heating and air conditioning of 
aircraft plants. New unit, known as Type PH, and developed by Yale & Towne 
Mfg. Co., Stamford, Conn., opens door by application of air pressure and closes 
it by spring pressure. Control equipment can be pushbutton, floor treadle switch, 
ceiling pull switch, bar type wall switch, or photoelectric. — Aviation, July, 1941. 

For grinding chip breaker grooves in carbide metal cutting tools. The Draflo Co., 
Cochranton, Pa., announces production of the new Model A Drafto Chip Breaker 
Grinder. A vise of universal construction with dual locking feature is equipped 
with a ball adjustment to permit setting of the tool to any required angle. Stops 
may be set, locking the vise, but permitting tool to be removed for final inspec- 
tion. Grinding is performed by diamond cutting wheel mounted directly on 
shaft of an electrically driven motor of i hp. Horizontal motion of arm carries 
diamond wheel across face of tool, grooving the tip. Depth of cut is determined 

adjustment. — Aviation, 194L ™ *' * '' '* “ ate ** m ‘ Cr ° meler 

Simple to operate, a new bench type ferrule attaching machine, which will attach 
either straight or flared shank ferrules (irmly and securely to flexible metal hose, 
is made by the American Metal Hose Branch of the American Brass Co., Water- 
bury, Conn. Machine may be used on applications for low tension radio shield- 
ing conduit, parachute rip cord housing, flexible fuel mixture indicator connec- 
tions, and air and exhaust connections, all of which are manufactured by com- 
pany. Fittings attached with American Ferrule Attaching Machine are said to 
adequately meet the “pull test” set by the Air Corps. — Aviation, July, 1941. 
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Only America 

has such an Airphine 

When ihe United Slates Navy ordered hundreds of 
these Vought shipboard fighters, American aviation 
took another great stride forward. For the first time 
on either side of the Atlantic, here is an airplane that 
meets the highly specialized requirements of shipboard 
use and still produces the blazing speed to match any 
airplane in the sky. Only America has such an airplane. 


VOUGHT-SIKORSKY AIRCRAFT 



STRATFORD, CONNECTICUT 

One of ihe three divisions of 

UNITED AIRCRAFT CORPORATION 



i . Mr. 


THE AVIATION 




NATIONAL AVIATION 


General Johnson Offically OK’s CPT Program 
Need for Pilots Urgent; Training Women, Out 


During recent months the Air 
Corps and the CAA have mended 
their differences over the CPT 
program and are now in prac- 
tical agreement. This is due 
to a shift in the Air Corps train- 
ing command, and to the efforts 
of Brig. Gen. Donald Connolly, 
a Corps of Engineers officer, and 
CAA's Administrator. 

Brig. Gen. Davenport John- 
son, now in charge of Air Corps 
training, has put the Army on 
record for the first time in direct 
approval of CPT. He says that 
without CPT it would be neces- 
sary for Air Corps to establish 
schools to train badly needed 
contract school instructors. His 
statement was made to a Con- 
gressional appropriations com- 

The demands of the aviation 
industry for trained pilots in 
past were largely supplied by 
the military, says General John- 
son. The Army and Navy were 
glad that civil aviation could 
take their men on reserve status 
and keep them flying. But 
it is no longer possible to release 
these pilots from military 
ice, and “the CPT program must 
necessarily meet this demand,” 

Approximately 22 percent of 
all those entering the Air Corps 
contract schools are graduates 
of CPT primary. Only 12 per- 
cent of.- CPT graduates are 
eliminated in Army’s elemen- 
tary schools as compared with 
39 percent of run-of-the-mill 

The Army likes the primary 
CPT course, because it weeds out 
misfits before they enter the con- 
tract and Air Corps schools. 
The Navy likes CPT secondary, 
because it has found it can skip 
them over its own primary and 
start them on its secondary or 
33-hr. point. The Navy has 
comparatively few men, bas its 
own schools, and can give men 
close supervision. The Army, 
because of numbers, is forced 
to farm out its training ' 
contractors, and supervision 

Undoubtedly there will be 
some changes in the CPT setup. 
The Army might, for instance, 
use the CPT schools, with their 
college connections, for 
ground school work, after the 
manner of the “Military Aero- 
nautics Schools” of the World 
War. The secondary courses 
might be moved over to Army 
contract schools. But i* 
longer seems likely that the 
Army will “take over" CPT, 


Bad n 


s for t 


CPT, 700 of whom have been ad- 
mitted to the program, is that 
registration of any more has 
been prohibited at the request 
of the Army. 

greater demand for professional 
services than there is now for 
airplane pilots. Army and 
Navy air arms need them to 
build up striking power for pos- 
sible war. The Air Corps civil 
contract schools want 2,000 in- 
structors. The airlines are even 
harder pressed for air crews 
than they arc for airplanes. 
The British are crying for pilots 
to fly ferry bombers now piling 
up in this country. Canada 
wants student instructors. The 
South American countries need 
pilots to bolster their competi- 
tion against subsidized Axis 
airlines. China wants pilots to 
beat off Japanese air raiders. 

NAA Declares Policies 

No discordant notes intei-- 
rupted the Louisville meetings 
of industry leaders and Federal 
aviation officials who discussed 
current questions with unusual 
frankness. The outcome wi 
unequivocal declaration of policy 
broadly affecting national i 



even beyond the field of aviation 
— a 14 point program, unani- 
mously adopted, including mar- 
tial law to quell defense strikes 
and execution of convicted sabo- 
teurs, as well as many of the 
older and more familiar avia- 
tion aims, such as integrated 
airport program, all first class 
mail by air, and continuation of 
civilian pilot training. 

A vote of confidence in NAA 
officers and management was 
unanimously passed in a meet- 
ing of the national council, the 
complete slate of NAA officers 
reelected for another year and 
four new board members added 
— Roger Wolfe Kahn, Wayne 
Parrish, Earle Johnson and I. 
S. “Stick” Randall. 


Congress Gives CAA $94,977,750 for Airports 
Total Fund $136,977,750 for 399 Projects 


Washington (Aviation Bu- 
reau): — Congress has added 
$94,977,750 to Civil Aeronautics 
Authority’s fund for airport 
construction. This is a new 
high in awards for airports in 
any year, and is the result of a 
long campaign by CAA and 
others who believe that expan- 
sion of ground facilities is essen- 
tial to defense. The Army has 
not been by any means unani- 
mous in its approval of the ex- 
pansion of civil airports. 

Including the $42,000,000 of 
WPA allotment, estimated by 
CAA and Budget officials as 
necessary if the program is to 
be completed, total available 
fund is $136,977,750. 

Last year, the first in which 
the CAA was given an airport 
improvement and construction 
assignment, a list of 250 air- 
ports was selected out of the 
“master" plan of 4000, previous- 
ly prepared. For this work, 


$40,000,000 was appropriated, 
and the last portions of this 
sum are being allocated as the 
fiscal year draws to a close. 
Most of the construction jobs 
are approved, and many are 
under way, with only smaller 
contracts such as lighting, fenc- 
ing and seeding yet to be 
awarded. 

This year, the CAA asked for 
$33,500,000 from which the Bud- 
get Committee cut $5,000,000. 
The House passed the Budget 
recommendation and the Senate 
then restored the $5,000,000. 
After this bill had passed the 
House, the President sent a re- 
quest for $61,477,750 more for 
airports, naming 149 additional 
locations for improvements or 
new fields, all to be constructed, 
as before, with an eye to the 
needs of the military forces dur- 
ing the emergency. This the 
Senate also approved. Thus, a 
399 airport program, costing 


about $137,000,000 is in pros- 

The industry has the Defense 
Program to thank for this gen- 
erous provision for airports. 
Thus far, the military have 
moved onto about a dozen civil 
fields, such as those at Miami, 
Pendleton, Portland, Boise, 
Louisville, Albuquerque, At- 
lanta, and Savannah, sharing 
these with commercial opera- 
tions until other arrangements 
can be made. The first CAA 
program includes new fields for 
military use only, such as at 
Louisville, and at Ft. Wayne, 
Ind., where a new mile-square 
field is now about 34 percent 
completed for use as a Group 
Headquarters, to relieve Sel- 
fridge Field at Mt. Clemens, 
Mich. In addition, the military 
has taken over many other com- 
mercial fields for use as training 

National Airport Opens 
It’s a Brave New World 

Months late, and without fan- 
fare, the Washington National 
Airport, called by CAA the 
world’s finest, quietly began 
operating at 12:01 a.m., June 
16. CAA officials, explaining the 
lack of ceremony, said this is 
a time for work and not for 
celebrations. 

With John Groves, manager, 
cooperating, the airlines moved 
in and began rehearsing crews 
on up-to-the-minute baggage 
chutes, traffic control apparatus, 
communication facilities. 

Operations began early in 
June when Penn-Central East- 
ern and American moved in. 
Company headquarters of Penn- 
sylvania are being moved from 
Pittsburgh. Since then, hun- 
dreds of passengers have landed 
here amid construction litter on 
days when old Hoover Field was 
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“under the weather”. 

Impressed by the experience 
at all air terminals, and especi- 
ally with the 1,400,000 visitors 
who paid a dime each last year 
to enter the spectators’ promen- 
ade at LaGuardia Field, the de- 
signers of the Washington field 
have provided generously for 
visitors. Travelers and visitors 
are kept separated. 

The loading area has all facili- 
ties such as fuel, battery cables, 
air conditioning hoses, telephone 
and pneumatic tube connections 
in pits grouped about each of 
the 14 loading stations; space 
is available for many more. 
Pits eliminate vehicles on the 

Stop-and-go lights control 
traffic landing. Taxiing and tak- 
ing off controls, developed by 
the Technical Development Sec- 
tion of the CAA, give safety, 
even without radio. At each run- 
way-end are street-type red and 
green lights, an 80-ft. arrow in 
green neon and an 80-ft. cross 
in red neon. 

A string of blue lights marks 
taxi routes, and where these 
cross runways, red and green 
lights control planes. Runways 
are bordered with white lights, 
with the last 1,500 ft. orange 
in color. The towerman can 
maneuver planes on the field 
and above. Automatic, sub- 
merged smoke pots indicate sur- 
face winds. 

Control tower glass eliminates 
all reflection, and repels actinic 
sun rays which cause sunburn. 
A switchboard layout of the field 
is illuminated by “black light” 
shining on luminiscent paint. 
This is the nerve center of field 
traffic control. 

Airways traffic control fea- 
tures an automatic “flight prog- 
ress" board, patterned after the 
electric board used in brokers' 
offices. Pilots' reports, received 
by radio, are automatically 
posted. 



i AROUND 
Captain Eddie Rickenbacker who 
has spent the spring 
lanta hospital. We’ll 


SPOT CHECKING 


Air Corps Ferry Command, or- 

ganized under Col. Robert Olds, 
will pick up completed airplanes 
at factories and set them down, 
ready for operation, at Atlantic 
Coast ports, to be flown 
shipped to England. Air Corps 
is not flying the Atlantic itself 
but i3 about to take full 
sponsibility for getting them 
started. The Ferry Command 
will use thousands of pilots and 
will be one of the important 
operations of the defense 

Collier Trophy Committee for 

1941 : Grover Loaning, Maj. 
Gen. George Brett, Jack Frye, 
Guy P. Gannett, Mrs. Betty 
Gillies, J. H. Kindleberger, Dr. 
Geo. Lewis, Leslie E. Neville, 
Stanley Wallbank, Gill Robb 
Wilson, and William R. Enyart 
as secretary. 

being surveyed by Air Corps 
and WPA with a view to 
struction of four take-off fields 
for bombers to Britain. 


Great Falls-Lethbridge 

of Western Air Lines closes 
last gap in scheduled land-plane 
transport from Santiago, Chile, 
to Nome, Alaska, 11,250 miles. 

Air Corps says it could put 
12,000 air-borne troops 
Atlantic or Caribbean 


Up to June 1. 7399 CPT | 
uates had volunteered for 
ice in Army and Navy air i 
Air Corps Board has been moved 
from Maxwell Field, Montgom- 
ery, Ala., to Elgin Field, Val- 
paraiso, Florida. Valparaiso is 
redesignated Air Corps Proving 
Ground. 

First city unit of Air Corps 
Cadets was Pittsburgh. At ’ ' 
writing 26 college units 
been formed. 

24,000 miles of teletype lines are 
being added to the CAA weather 
reporting system, bringing the 
total to 55,000 miles. 

Airline Credit Corporation i 

v agency set up under RFC 
help Latin American coun- 
is get airline equipment and 
pilots to compete against and 
eliminate German and Italian 


Caribbean Air Force is unified 
• command of Maj. Gen. 
Frank M. Andrews, including 
Panama, Puerto Rico and Trin- 
idad, which have been separate 
commands. Striking power is 
greatly increased. 


THE WASHINGTON^ 
WINDSOCK 

By BLAINE STUBBLEFIELD 1 
More Pilots Than Planes 

A nation of motorists, truck, tractor and taxi drivers, the 
United States finds little training necessary in manning its 
mechanized and armored forces. Russia, Germany, Japan, 
Italy, in fact most other countries, have few vehicles, few 
drivers. Germany raises all youngsters on aviation, as we 
do on motoring, and so has little air training trouble. Our 
objective from now on is to grow up in the air as we have 

Air Corps and CPT have discarded most of their differences 
to the great advantage of both. Much credit for this change 
is due Gen. Donald Connolly, CAA Administrator, and to 
Gen. Davenport Johnson, in charge of Air Corps training. 
The two got together, skipped all but public interests, 
worked out a plan. 

The Army didn't mind, early in the defense push, turning 
nearly full production of tactical planes over to the British. 
But now that pilots are pouring out of the training mill, 
some have nothing to fly. That's bad for their morale, and 
the high command is somewhat irked to see the planes 
going overseas. Not that they want to or can do anything 
about it. These “graduate” military pilots are not fitted 
for most of the commercial jobs that are crying for stick 
men, and anyway, the services are not letting go of their 


Question of a separate air command persists in Congress, 
where appeals to the reasoning of Gen. Billy Mitchell, 
Alexander de Seversky, and A1 Williams, et al, reach a high 
crescendo. Several bills have been introduced. Creditable 
persons, in and out of service, are working quietly for it. 
One of them, a former air force commander, recently 
attempted an appeal to the British Government to use its 
influence toward separation of our air power. This is a hard 
proposition to guess about. No Army official is going to 
speak out. Only the President, or an overwhelming bloc in 
Congress, could jar the issue loose. Don't bet either way. 

"Loch" and “Hermes," two German freighters that crashed 
the blockade into South America, brought airplanes and 
parts for an important Nazi-dominated Latin airline. The 
airline sent out observation planes which guided the ships 
through. 

The Stubblefield Award goes to U. S. Air Corps officers who 
require air reserve officers, as part of their ei 
promotion, to solve problems in troop n 
Battle of Gettysburg. 

Frank Gannett, publisher, came out of the President's round- 
up of two-engined planes for Britain still in possession of 
his Lockheed. 

Invasion of Crete by aircraft was no particular credit to 
the planes, say the “old boys” of Army and Navy; the 
planes merely served as transportation. 

A cook at Bolling Field was a first class airplane mechanic 
before he was drafted. You keep hearing complaints about 
the Army putting skilled people in non-strategic jobs. The 
Air Corps says it would take too much time to avoid these 
few mistakes. Critics say: Why aren't local draft boards 
so organized as to do it? 
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• Lyon Shop Equipment— from stock in 
strategically located warehouses — makes it 
possible to speed up many production oper- 
ations and to provide better control of tools 
both in use and in storage. 

Write for full details on WHERE and HOW 
Lyon Shop Equipment has helped the Avia- 
tion Industry achieve the "impossible" by in- 
creasing the productiveness of available tools 
and floor space. 

LYON METAL PRODUCTS, INCORPORATED 


AVIATION DEFENSE 


Glider Advocates Cite Nazi Invasion of Crete 
But Army Believes Parachute Troops Better 





AVIATION MANUFACTURING 













AVIAIIUN ABKVAU 




ROEBLING 

''Bridges a Century with Wire’ 


ROEBLING WIRE ROPE: FITTINGS: SLINGS . AIRCRAFT CONTROL CORD . STRAND . CONTROL CASING 
SWAGED TERMINALS . THIMBLES . SERVING AND LOCKING WIRES . AIRCRAFT IGNITION . POWER AND 
LIGHTING CABLE • BALLOON CABLES • STEEL, COPPER AND BRASS WIRE 


100 years ago John A. Roebling founded the company which still bears his name. 
» » Today, after a century of service, the name Roebling is still synonymous with 
leadership in wire manufacture, improvement and application. 

* * In celebrating its 100th Anniversary, Roebling looks forward to the opportunity 
of serving the aviation industry in even greater measure than ever before. 


JOHN A. ROEBLING’S SONS COMPANY 




The 

engine tactical 

one which least exceeds in cross-section the 
dimensions of the pilot's body in a seated 
position. The 12 cylinder, “V” in-line Ranger 
engine is no wider at its widest dimension 
than the average pilot from elbow to el- 
bow, and accordingly presents the best 
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New York's MAYOR 
F. H. LAGUARDIA is 
named Director of Ci- 
vilian Defense to co- 
ordinate civilian home 
defense efforts. Brig. 
Gen. L. D. Gasser rep- 
resents the War Dept. 


Personnel management 
at Braniff Airways' Love 
Field base will be un- 
der the direction of 
MALCOLM HARRISON, 
formerly with Texas 
State Employment Serv- 
ice where he handled 
Braniff personnel. 


Jones-Dabney Division 
of Devoe & Raynolds 
is now actively engaged 
in production of aircraft 
finishes, and has ap- 
pointed HERBERT C. 
REED manager of the 
Aircraft Finishes Divi- 
sion at Malden, Mass. 


Aircraft Accessories Corp. of Burbank announces 
that RALPH MIDDLETON (I.) is associated 
with the company as chief engineer. He was for- 
merly with Curtis8-Wright at St. Louis. RODNEY 
B. CAMPBELL continues as consulting engineer. 
JAMES A. LANE (r.) has been placed in charge 
of production at the Burbank plant, succeeding 
G. A. Theoboid. Mr. Lane has had extensive 
engineering, sales and management experience. 
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PRECISION BEARINGS DON’T LIKE 

"The Skin You Love to Touch”! 


AVIATION ENGINEERING 



TRANSPORT AVIATION 









AVIATION FINANCE 


the fastest growing 
company — declared the $2 a 
share common dividend last 
month that Wall St. had pre- 
dicted, but sprang a surprise on 
the financial dopesters when di- 
rectors proposed to double the 
authorized common stock. At 
the same time the preferred 
stock, one of the few senior air- 
craft issues outstanding, was 
called for retirement. The finan- 
cial district is puzzling over the 
purpose of the common stock 
proposal and still gasping at 
the sudden jump in unfilled 
orders from $300,000,000 to 
$684,000,000. Sales in the first 
half of 1941 are expected to be 
more than double those for all 
of 1940. 

Domestic airlines established an 
all-time record for passenger 
traffic in May, months ahead of 


miles, an increase of about 30 
percent over the 351,904,000 
miles flown a year ago. 




y Stim- 
son went out of his way to pay- 
high tribute to the company's 
president, James H. “Dutch” 
Kindleberger. From his remarks 
it appeared that shareholders 
had nothing to lose from federal 
intervention and the stock ad- 
vanced on the first day the plant 
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machinery 
i prevail in 
production. In the past 
air express has been used chiefly 
for ti-anspoi-ting serums. 


and cargo traffic United Air 
Lines reported a net loss of over 
one million dollars in the March 
quarter. W. A. Patterson, presi- 


of the Square D Co., including 
the Kollsman Aircraft Instru- 
ment Division, should bring 
earnings for the first half of 
1941 well above the $2.03 a 
share reported last year in the 
corresponding period. One thou- 
sand shares of the 5 percent pre- 
ferred stock, of which 20.000 
shares now outstanding, recently 


found in the March i 
profits as tabulated in th 
ings table on this page. 


first half of 1941 are estimated 
to be fairly close to the $5,188,- 
000 sales for all of 1940. Volume 
this year may drop below pre- 
vious early estimates of $40,- 
000,000 due to a lag in engines 
and other parts needed for as- 
sembly. However the spurt ex- 
pected from July on should 
bring deliveries for the year to 
approximately $30,000,000 and 
result in profits well above the 
81.14 a share reported for 1940. 

boos”the t Ben a payro"l^l.225” 
1940 earnings of $284,000. 
Vulfee's new $32,000,000 order 


margins on domestic mili- 

i now totals more than 60 
nt of unfilled orders, makes 
vift transition from the old 


profitable operator would c 


Current Earnings Reports 


Industry Backlog 
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past 


month, despite steadily in- 
creasing deliveries, and 
stand at approximately $4,- 

630.000. 000— a new all-time 
high record. President Roose- 
velt has asked Congress to 
speed appropriations for $3,- 

329.000. 000 for Army i ' 
Navy planes in addition 
the $2,000,000,000 that the 
Army already had put into 
aircraft before receiving a 
additional $1,000,000,000 su[ 

plemental appropriation i 
April. The War Department 
has spent $420,000,000 and 
the Navy $139,000,000 for 
aircraft plant expansions. 
At the request of the Office 
of Production Management, 
the RFC has earmarked an 
additional $350,000,000 for 
new plants. Work on the new 
orders probably will not be- 
gin until well into 1942, but 
their allotment now will 
permit the industry to plan 
in advance for raw materials, 
labor-training, expansion and 
subcontracting. One year ago 
unfilled orders of the indus- 
try hovered around the one 
billion mark and a $25, 

000 plant expansion program 
was emerging from blue- 
prints. The following t ' ‘ 
gives the latest approxin 
backlogs of 26 primary plane 
and engine producers. 
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the prod- 
largest 
places 
Engineers and 
its vast facilities and 
skilled craftsmen . . . that airplane seating, 
whether for Pilot, Gunner, Radio Operator or Ob- 
server, may be highly functional, thoroughly 
efficient, light in weight and comfortable. 


GF Craftsmen in Aluminum Seating are well 
qualified and experienced in seating problems. 


THE GENERAL FIREPROOFING COMPANY • YOUNGSTOWN. OH 

Products by GF: METAL DESKS • ALUMINUM CHAIRS • STEEL CHAIRS . FILING 
CABINETS • SAFES • STEEL SHELVING • STORAGE CABINETS • FILING SUPPLIES 




Recent Books 

Some Economic Aspects of the Air 
Express Business, by Arthur Dee 
Lewis, Research Assistant in Transpor- 
tation, University of Texas. Published 
by the Author. 112 pages, $2.50. 

With interest growing in air express, 
this treatise is a timely investigation 
into the development and possibilities of 
air cargo carriage. 

Divided into four sectional headings 
entitled I. History of Air Express, II. 
Economics of Air Express, III. Organ- 
izing for Air Express, and IV. Possi- 
bilities for Air Express, it treats ex- 
tensively of rates and costs of operation, 
regulation, and organizational prob- 

The author believes air express 
should be handled by one organization, 
which should be owned by all organ- 
ized passenger, mail and express air- 
lines. Competition, he believes, would 
lead to wasteful duplication of facilities 
and a consequent rise in the unit cost 
with no added value given to national 
welfare. The belief is also advanced 
that shipments will be confined to arti- 
cles of high value per unit of weight 
and bulk. 

As to possibilities for air express, the 
most immediate problems, according to 
Mr. Lewis, are to find out where the 
potential traffic is located, how much 
there is, and where it will be going. 

Engineering Drawing, by Thomas E. 
French, M.E., D.Sc. Published by the 
McGraw-Hill Book Company, Inc., 
New York. 662 pages, $3.00. 

This sixth edition of the widely used 
and important text on engineering draw- 
ing has been revised so as to be of ut- 
most value to the aircraft industry. 
Included in the new material is a chap- 
ter devoted solely to aircraft drawing 
with its contents lifted directly from 
the present day work of the aeronautical 
engineer and draftsman. 

In gathering the data for this sec- 
tion the author collaborated with num- 
erous well-known engineers in the air- 
craft factories to insure its usefulness 
and correctness. The introduction and 
the opening paragraphs of the chapter 
explain some of the drawing problems 
peculiar to the industry. Following 
this the reader is explained the gen- 
eral technique of aircraft drawing with 
a comprehensive group of paragraphs 
on the standards used throughout the 
industry. This is further brought to 
the attention of the reader by the prob- 
lems at the end. 

All of this material on aircraft draw- 
ing is in addition to the chapters on 
general drawing practices. Little need 
be said to those already familiar with 


this book of its value to the engineer 
and draftsman. With its revision to 
fulfill modern requirements engineers 
and students alike will benefit by hav- 


Ru.vning a Machine Shop, by Fred 
H. Colvin and Frank A. Stanley, 449 
pages, $3.50. Published by McGraw- 
Hill, New York. 

This is a new book by the authors of 
the famous “American Machinists’ 
Handbook." It is especially timely now 
when every machine shop in the country 
is taxed to capacity. Chapter headings 
are : modern machine shop practice, plan- 
ning a shop, shop equipment, shop trans- 
port and material handling, toolrooms 
and tool cribs, work in the shop, esti- 
mating, apprenticeship and training, 
management, foremen and personnel 
relations, and inspection systems. This 
basic authoritative book should be of 
value to all machine shop supervisors 


Navigation of Aircraft, by Com- 
mander Logan C. Ramsey, U.S.N. 230 
pages, $4.50. Published by the Ronald 
Press, New York. Revised edition. 

First brought out in 1929, this book 
has had a considerable sale and is now 
revised thoroughly. In his preface the 
author points out that airline naviga- 
tion is dependent upon radio signals 
which would not be available in time of 
war, and that knowledge and practice of 
dead reckoning and celestial observa- 
tions should be pursued by all pilots who 
have been riding the beam. 

The book has these divisions: intro- 
duction ; maps, instruments and ac- 
cessories; dead reckoning; piloting; 
aerial astronomy ; practice of navigating 
aircraft; and aerology. Numerous 
tables and illustrations add to the value 
of the book. Included with the price 
is a second book called, “Air Pilots’ 
Dead Reckoning Tables" which runs to 
48 pages and which is a working sup- 
plement to the text. 


England Is My Village, by John 
Llewelyn Rhys, 198 pp. Published by 
Reynal & Hitchcock, $2.00. 

This collection of short stories by an 
R.A.F. pilot differs from the books by 
airmen which have been coming off the 
press rather regularly of late. For one 
thing, John Llewelyn Rhys is primarily 
a writer, and again, this is not a factual 
recital of battle, but short impressions in 
fiction form. The author fought with 
the R.A.F. and when he was killed in 
active service in August, 1940, England 
lost not only a pilot, but a writer of 
promise. The present volume comprises 


excerpts from the two books he had 
published, as well as short stories, and 
apparently his wife, who edited it, 
considers them representative of his 
best work. They are well-constructed 
and sensitive, revealing not only a keen 
love of Bight, but a realistic apprecia- 
tion of fear and danger. Somewhat 
disturbing is the repetition of several 
phrases and descriptions which might 
have been avoided through editing. A 
tribute to the book is the fact that on 
finishing it one is very anxious to read 
his previous works. 

Handbook of Industrial Fabrics, by 
George B. Haven, S.B., in Charge of 
Textile Research, M.I.T. Published by 
Wellington Sears Co., New York, N. Y. 
790 pp. $2.00. 

Revised and enlarged, this important 
handbook has gone into its third edition, 
and should prove of continued value to 
engineers, purchasing agents and sales- 
men, for whom it is written. 

Among the considerable number of 
changes and improvements, Chapter 
VIII has been almost completely revised 
to give effect to the new A.S.T.M. speci- 
fications of textiles as approved during 
1940. This is followed by a rather com- 
plete bibliography of selected govern- 
ment publications regarding textiles. In 
addition to over 700 tables, the book 
contains numerous photographs depict- 
ing various operations, machines, tex- 
tile products, etc. 

Modern Flight, by Cloyd P. Clevenger. 
294 pages, $2.95. Published by Noble 
& Noble, New York. 

This is a large, well-illustrated book 
which should be of value to flight stu- 
dents. It covers all phases of ele- 
mentary flying, the intermediate stage, 
advanced acrobatic stage and many 
phases of advanced flying. An appendix 
covers motors, aviation occupations, and 
requirements for air corps, navy and 
C.P.T.P. flying. Clayton Knight did 
the illustrations which add a great deal 
to the book. 


Lessons in Arc Welding, published 
by the Lincoln Electric Co., Cleveland, 
Ohio. 176 pages,' 50 cents. Second 
Edition. 

Due to the popularity of this volume 
it has been brought out in a second edi- 
tion. The book consists of 60 lessons, 
covering alt phases of arc welding. The 
objective of these lessons is to present 
in a concise manner certain funda- 
mental facts of welding, knowledge of 
which will enable welders to use the 
process successfully and economically. 
It is complete and authoritative and is 
an excellent “buy” at 50 cents. 
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NERVE FATIGUE PROTECTION 



With Kapok Unisorb floise Reduction felt 

BRITISH bomber crews have it. 


Commercial passengers demand it. 

Aeroplane manufacturers problems on this vital point are solved 
with Kapok Unisorb Noise Reduction Felt. 

-*• 

Kapok Unisorb meets British and U. S. Standards. 

SEND YOUR ORDERS AND INQUIRIES TO AVIATION DIVISION 

THE FELTERS COMPANY, INCORPORATED 

210-K SOUTH STREET . BOSTON, MASSACHUSETTS 

New Yiri, PhilaJelftij. Chicstt, Demit SALES REPRESENTATIVES: Dallas. Lot Aaselei. Nasleille, St. Letelt, St. Paul 

FELTERS FELT FUNCTIONS 




Bombers for Britain ^ 
streak through the night _ 


CLJEI I AVIAT,ON gasoline 

° n DrlELL and AEROSHELL OIL 


S PIRITED away on the wings of 
the night, Consolidated Bombers 
race to Britain . . . their engines roar- 
ing on Shell Aviation Gasoline. 

In the oil tanks of these speeding 
phantoms that span the wastes of 
the North Atlantic is AeroShell Oil, 
furnishing lubrication that must 
not Jail. Experience has proved to 
Consolidated, as it has to scores 
of other manufacturers— you 
can depend on Shell Aviation 
Products. 


In bombers or light planes— de- 
pend on Shell Aviation Gasolines 
for quick starts, instant throttle re- 
sponse, long cruising range. No 
wonder airport operators, from 
Newfoundland to Florida . . . from 
the Atlantic to the Pacific, are stock- 
ing fast-selling Shell Aviation Prod- 
ucts. Investigate! Address: Shell Oil 
Company, Incorporated, 50 West 
50th St., New York, N. Y., 
100 Bush Street, San 
Francisco, Cal. 
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needed. Will yon force them to par- 
ticipation by curtailing the supply of 
raw materials available for non-defense 
production ? Or through a local defense 
production official, will you educate and 
persuade them to do their part will- 

There are those who do not know 
what they can do — so they have done 
nothing. Shall they continue to do 
that — maybe keeping a plant idle which 
was closed for economy several years 
ago? — or will the need and means of 
their participation be carried to them? 

There are those who cannot leave 
their own doorsteps to find out what they 
can do, no matter how willing. They 
are men whose concern with manage- 
ment of their businesses is so continuous 
and intimate that days (or funds) for 
trips to prime contractors, district pro- 
curement offices, Washington and else- 
where cannot be taken. 

What then, is to be done to secure 
the participation of these three groups — 
those who won't, those who don’t know 
how, and those who can’t leave their 
plants to find out what they can make? 
Isn’t the simple, practical answer “Take 
the defense production program to tlieir 
doorsteps. S' how them wlial to do and 
sell them on the need for doing it, at 

In any nation-wide, spread-the-de- 
fense-production plan, these two funda- 
mentals must be faced, met and solved. 
Decentralization becomes a necessity. 
Practical, current knowledge of local 
production capacities and abilities be- 
comes a primary requirement, followed 
by an effective procedure for coordina- 
tion between potential subcontractors 
and prime contractors. With these is 
the continued need for sales effort, 
promotion, public relations or persua- 
sion, by whatever name called, to de- 
velop the interest and participation of 
laggard managements. 

These principles have been applied 
and these problems met with success in 
the plans tested in Massachusetts and 
Rhode Island. Let us see how they are 
organized and how they work in the 
field. 

1. Decentralisation is secured by the 
division of an area into natural, com- 
pact production districts. In each a 
prominent, respected local man is se- 
lected as local defense production co- 
ordinator. Regional industry (the state 
manufacturers association, for example) 
sets the boundaries of local production 
districts with emphasis on close, mu- 
tual acquaintanceship of manufacturers. 
Thus, each district, as far as practical, 


includes plants and managements used 
to working together on normal peace- 
time problems. Compactness of size and 
acquaintanceship facilities coordination 
of available productive capacities in 
several plants of a single area. It makes 
for short, quick hauls by trucks from 
plant to plant. It makes frequent tele- 
phone contact from the local district 
office to each plant quick and cheap — an 
essential to maintaining current knowl- 
edge of idle productive capacities and 
to coordinating local plants and prime 
contractors’ requirements speedily. 

The local coordinator, selected by 
industry for his accomplishments, 
knowledge and ability, provides leader- 
ship in his district — to persuade man- 
agements to participate or increase 
participation in defense production, to 
implement contacts between prime con- 
tractors and appropriate plants, to main- 
tain current knowledge of idle produc- 
tive capacities available for suitable 
work. To aid him. to do "leg-work,” 
an executive assistant, intimately fa- 
miliar with local industry, is needed, 
perhaps the secretary of the local cham- 
ber of commerce or manufacturers as- 
sociation, perhaps a young executive or 
engineer from a local plant. For a 
district above usual size, with 150 active 
plants in it, two or three stenographers 
have been found adequate added per- 
sonnel to service the area well. 

2. Knowledge of Production Facilities 
is developed from the various inven- 
tories of machine tools and other pro- 
duction equipment already made by 
many state agencies, manufacturers 
associations, the National Industrial 
Council and others. These are con- 
solidated into a single local district 
"bible” of productive facilities. New 
inventories are requested only from 
those who have not participated in 
former ones and who have idle produc- 
tive-machine hours which may be used 
on defense work. No useful purpose is 
served by asking busy managements of 
plants with a large backlog, to provide 
inventories of production equipment 
that will be in continuous, multi-shift 
use for months. Needed, useful data is 
that on idle or partially idle equipment. 

3. Knowledge of Current Production 
Capacity is secured by a weekly tele- 
phone check of each plant in each local 
district to discover available time on 
idle or partly idle equipment. It is ex- 
pressed in machine-hours available for 
the following week on each type of 
machine involved. For machine tools, 
it is tabulated on a form, keyed by 
numbers. Field operation has demon- 
strated the ability of stenographers, 
without machine tool knowledge, to col- 
lect the data from plant managements 
and compile weekly summaries of it. 
Distributed to nearby prime contractors 
such data on machine tool capacities 


brings quick response, an inquiry tor 
details, a check with plants having the 
desired type of capacity and often the 
arrangement of new subcontracts within 
hours after the new weekly available- 
machine-hours-data has been released. 

4. Education is aided by meetings of 
industry, radio broadcasts by prominent 
personalities and such high-powered but 
infrequent public relations work. An 
idea is best sold by continued, steady, 
on-the-ground work or by example. 
Here is a great usefulness of the local 
production district leader — ferreting 
out the plants and shops which can but 
are not participating in defense work 
to the limit of their capacity — making 
examples of local companies that have 
successfully undertaken new defense 

5. Coordination between potential 
subcontractors and prime contractors 
is implemented by the local production 
district leader, but again experience in 
the field indicates the helpfulness of 
regional offices, each aiding 25 to 30 
districts. Regional offices attempting to 
cover larger areas (more than about 
7.500 sq. mi.) seem unlikely to develop 
the needed intimacy of acquaintanceship 
with industry in their regions (unless 
industry is thinly scattered) and ik 
seems improbable that they can act with 
the speed necessary to meet the de- 
mands of prime contractors. 

Each regional office requires the 
guidance of an executive thoroughly 
acquainted with industry in his area 
and capable of commanding the coopera- 
tion of the local production district 
leaders. He may be an officer of a state 
manufacturers' association or an indus- 
trial executive, but he must be a “spark- 
plug." He will need an executive office 
assistant, about three cruising field en- 
gineers and a small stenographic staff. 
His office should contain- a copy of the 
Production Facilities Inventory of each 
local district in his region and should 
receive weekly a copy of the Production 
Capacity Available Report in available 
machine-hours from each district 
Prompt, satisfactory results depend on 
(1) the ability of local and regional 
leaders, (2) their energy and (3) their 
intimate, detailed knowledge of their 

Subcontractor — prime contractor co- 
ordination frequently starts in the re- 
gional office by an inquiry from the 
prime contractor who submits blueprints 
or defines the character of productive 
facilities he seeks. Telephone calls to 
local district leaders in areas where such 
type of capacity may be available start 
local check-ups and result in return 
phone calls and appointments. Within 
a few hours, a cruising field engineer 
from the regional office leaves for sched- 
uled calls at district offices to join the 
district leader or his assistant and to 
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Their light weight, thin wall construction which permits their use in even the most 
inaccessible places, is made possible through the use of Bonney 'CV‘ Chrome-Vanadiui 
Steel . . . the original alloy wrench steel. 

Careful heat treatment brings out the ultimate strength of the steel to meet the most 
exacting conditions and to provide that exceptional strength for which all Bonney Tools I 
are famous. Finished in gleaming chromium plate, they have a lasting, rust-resistant 

Made in ’A", %"/ Vi", 3 A" and 1" sc l us ire drive . . . but not all types in 
they will take care of nuts from the smallest to the largest. 

A wide variety of handles and attachments is available for use with Bonney Sockets. 
They permit making up practically 
get-at” places. 

Bonney Sockets are available in c 
attachments or as individual units. 

Write today for Catalog No. 41 
Bonney Line. 


BONNEY FORGE & TOOL WORKS ^ 

ALLENTOWN, PA. 

In Canada — Gray-Bonney Tool Co., Ltd., Toronto Jy 

Export Office — 38 Pearl St., New York, N. Y. Jv 

Stocked by Leading Jobbers Everywhere 
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visit potential subcontractors already 
checked as capable — equipment-wise, 
management-wise and financially — and 
available to handle a part of the job on 
hand. Blueprints are submitted, pro- 
ductive capacity and ability is checked 
by the field engineer. Often, the po- 
tential subcontractor is shown how he 
can do something he has not realized he 
can do on his machinery. The proper 
contact at the prime contractor's office 
is provided. The field engineer goes on. 
Daily reports to the regional office, with 
a copy to the district office, keep re- 
gional and district leaders posted and 
provide a basis for discussion with the 
prime contractor's representative when 
he arrives to personally inspect selected 
facilities and negotiate subcontracts. 

Such a course of action is current 
day-to-day experience in Massachusetts 
where a program initiated in the late 
spring of 1940 was revised to embody 
the above methods with the encourage- 
ment of the War Department, in Feb- 
ruary 1941. The efficacy of the local 
production district plan has been demon- 
strated by the results. 

Having outlined the five elements of 
a plan to put maximum production 
facilities to work in minimum time, let 
us examine how they have worked in 

The Rhode Island Industrial Com- 
mission has made a comprehensive test 
of the weekly analysis of available pro- 
ductive capacity by collection and sum- 
marization of machine-tool hours avail- 
able and unused. This plan, conceived 
by the Commission’s chairman, Mr. 
William S. Allen, was put into opera- 
tion on Feb. 8, 1941. Its details were 
developed by Mr. Arthur J. Minor, 
Engineering Secretary to the Commis- 
sion and carried out under supervision 
of Mr. Clifton Lovenberg, the Com- 
mission’s Executive Secretary. A "Ma- 
chine Tool Schedule” is secured from 
each participating plant. Fifteen basic 
classifications of machines are included 
as follows: bending, boring, broaching, 
cutting off, drilling, gear cutting, grind- 
ing, lathes, milling, planing, presses, 
screw machines, shapers, tapping, spe- 
cial equipment or services. Under each 
classification are from 2 to 25 sub- 
classifications. All together 115 sub- 
classifications of machine tols are listed. 
Spaces are provided for additional sizes 
or types where needed. Each sub- 
classification is keyed with a number. 
Through this form, Rhode Island has 
developed the second of the five above- 
mentjoned components necessary to well 
organized, country-wide subcontracting, 
namely knowledge of production facili- 

Through a second form, “Available 
Weekly Machine-Hour Capacities,” 
Rhode Island has obtained the third 
component above mentioned, knowledge 
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of current production capacity. The list 
of machine tool classifications and sub- 
classifications in this is identical with 
that in the first form. Opposite each 
type (and its key number) are entered 
the hours available for the coming week 
on each type of machine in each plant. 
This data is secured each Thursday by 
a stenographer who telephones a desig- 
nated man in each plant, who has before 
him a copy of his "Machine Tool 
Schedule” and "Available Weekly Ma- 
chine-Hour Capacities,” both as previ- 
ously supplied to the commission by his 
company. As he runs down the list of 
his equipment on the "Machine Tool 
Schedule,” he tells the commission 
stenographer what number of hours will 
be available for new, added production 
on each type of machine tool during the 
coming week. He refers to the types by 
their key numbers. As he gives the data, 
the stenographer enters the hours (as 
does he) on the “Available Weekly 
Machine-Hour Capacities” form. This 
contains data for eight consecutive 
weeks in parallel columns. Thus it 
serves both plant management and the 
commission as a continuous record of 
the plant's activity. Incidental to its 
purpose of organizing knowledge on 
available machine tool capacities, this 
procedure has directed attention of plant 
executives to proper scheduling of work 
to keep all machines busy. Benefits to 
production through more intelligent 
plant operation result. 

Starting with a dozen participating 
companies, the number has grown to 
approximately 150 currently. Thou- 
sands of machine-hours have been put 
to use. With general use and dis- 
tribution of such data through a nation- 
wide program, greater results can be 
expected. 

Rhode Island has demonstrated the 
practicability of dealing with machine- 
hours available as a means of keeping 
abreast of rapidly changing production 
conditions which make static inven- 
tories of machine tools obsolete except 
for basic data as to character of plant. 

Meanwhile, Associated Industries of 
Massachusetts, with the cooperation of 
the Massachusetts Development & In- 
dustrial Commission and with enthu- 
siastic support from Governor Leverett 
Saltonstall, modified its program 
launched in May, 1940, to adapt the 
small, local production district plan, as 
above mentioned. 

Associated Industries of Massachu- 
setts was founded in 1916. It is the 
second largest state association of man- 
ufacturers in the country with approxi- 
mately 1,500 members. In all defense 
work, AIM early took the lead in 
Massachusetts with its President, John 
F. Tinsley, accepting the chairmanship 
of Governor Saltonstall’s Industrial 
Committee for National Defense, ap- 


pointed in May 1940. Before the close 
of that year, under the direction of Roy 
F. Williams, A.I.M.’s general manager, 
and chairman of the State Manufac- 
turers Association Group in the Na- 
tional Industrial Council, a most com- 
prehensive effort to increase defense 
production had been undertaken. A 
special survey of 600 plants capable of 
making aviation parts and materiel was 
made, at the start. This was followed 
by surveys of 1,200 small manufactur- 
ing plants and machine shops and a 
major study of idle manufacturing space 
made in cooperation with the Massa- 
chusetts Development & Industrial 
Commission. Meanwhile, Massachusetts 
was divided into 14 districts, each with 
a "Coordinator”, to aid these activities 
and to enlarge defense production and 
subcontracting. 

Against such background of experi- 
ence and accomplishment (at the close 
of 1940, Massachusetts industry had re- 
ceived defense contracts amounting to 
$868,545,091.43), AIM and the Massa- 
chusetts Industrial Committees for Na- 
tional Defense revised its program in 
February, 1941, to test the decentraliza- 
tion of production organization above 
described. 

Massachusetts was divided into 38 
local production districts shown on the 
accompanying map. Each district is a 
normal, industrial trade area. Within 
each, shorthaul trucking will reach 
every plant. The longest possible haul 
from the center of the largest district 
to its borders is only about 20 or 30 miles. 

A "Coordinator” for each district 
was appointed by Governor Saltonstall 
— without exception the leading indus- 
trialist of the community. An assistant 
coordinator was selected and a local 
office established. Inventories of pro- 
ductive equipment were perfected within 
each district, copies being centralized at 
the AIM office in Boston, in addition to 
being retained in the local district of- 
fice. AIM and Massachusetts Develop- 
ment and Industrial Commission en- 
gaged three field engineers and created 
jointly a regional office to aid and 
encourage the work of the local district 
offices and local coordinators. 

This structure had been created and 
was in operation by early March, 1941. 
Some specific examples of its work will 
illustrate its effectiveness. 

A General Motors subsidiary seeking 
subcontractors for ordnance parts calls 
Mr. Williams at Associated Industries’ 
offices in Boston. Three local coordina- 
tors of districts where appropriate ma- 
chine tool facilities may be available are 
called by telephone the morning the 
inquiry is received. Seventeen prospec- 
tive subcontractors are located. Within 
24 hr. blueprints arc at hand and a field 
engineer leaves to visit each local dis- 
trict on appointments made by local 
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Standardization of aircraft seating equip- 
ment to fulfill functional requirements, 
satisfy limitations of weight and space, 
meet static load specifications in any 


PILOT'S 
CO-PILOT'S 
NAVIGATOR'S 
RADIO OPERATOR'S 
REAR GUNNER'S 
CAMERA OPERATOR'S 
FLIGHT ENGINEER'S 


type of plane has been made possible 
by the exclusive methods developed by 
the Warren McArthur Corporation. 


NAVY PATROL STEERSMEN 
BOMBARDIER SEATS 
WARDROOM SEATS 
OBSERVATION SEATS 
TRANSPORT SEATS 


WARREN /^VARXrlUR, CORPORATION 


ONE PAR.K. AVENUE NEW YOR.K. CITY 




MALLORY Complete Contact Assemblies 
May Have the Answer for You, Too ! 


Years of specialization in the development 
of electrical contacts have made it apparent 
that often the selection of the right contact 
material . . . even the proper design of the 
contact itself supplies only a partial answer 
to certain problems. 

The composition and design of the contact 
member often requires the same specialized 
attention and experience in order to attain 
adequate efficiency. 

With a staff of experienced metallurgists 
and design engineers, it is only natural that 


Mallory should undertake to provide this 
further service. Proper tension . . . contact 
attachment — corrosion resistance . . . sim- 
plified action . . . alloy selection . . . resist- 
ance reduction . . . better heat dissipation 
. . . these and a host of other problems are 
typical of those solved through Mallory 
complete contact assemblies. 

No matter what type of contact you are 
using ... be sure to have your Mallory 
representative give you all the facts about 
this most advanced Mallory contribution. 


P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA c 



NON-FERROUS ALLOYS - ELECTRICAL CONTACTS 
POWDERED METAL ALLOYS 
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those best suited to make them. Im- 
portant shortages in the material and 
labor supply have developed and will 
probably continue to grow. 

For example, Boeing’s production of 
"Flying Fortresses” has been delayed by 
about 90 days due to the failure of 
allotments of aluminum to arrive on 
time to permit an uninterrupted flow of 
heavy bombers. Aluminum bulks large 
in the defense effort with the aircraft 
industry taking over 50 percent of the 
total armament use. In March, virgin 
aluminum production totaled 44 million 
lb. with 79 percent going to defense 
industries. This has been gradually in- 
creased to a production of 53 million lb. 
for June with the entire output allocated 
to defense use. A rapid expansion of 
aluminum facilities is now underway. 
The total production of virgin metal 
for 1940 aggregated about 420 million 
lb. with the current annual rate indi- 
cated at about 600 million lb. Present 
expansion plans contemplate an annual 
rate of more than 800 million lb. by 
July of 1942. Despite this expansion 
already provided for, the increased pro- 
duction which has taken place this year 
has not kept pace with the increase in 
the military demand — particularly from 
the aircraft builders. 

A serious obstacle to greater produc- 
tion is the lack of sufficient skilled labor. 
Some relief may be obtainable through 
increasing the work-week to 48 hr. be- 
fore overtime commences. Contrary to 
popular belief, in many instances, it is 
physically impossible to perform many 
aircraft manufacturing operations 24 hr. 
seven days a week. 

Along with the growing shortages 
in the labor supply, the unit labor cost 
of production has had a tendency to 
rise. This is primarily due to lower 
efficiency in supervision, machinery and 
workers. As the aircraft industry con- 
tinues to spread itself out more thinly, 
these conditions are bound to continue 
and may be greatly magnified. 

In the welter of confusion of the ever- 
expanding armament program, the 
over-all picture has a tendency to be- 
come blurred. New defense plant con- 
struction, expansion and equipment 
since the national defense program was 
launched a year ago now involves com- 
mitments of about 3 billion dollars for 
more than 1,700 projects. Of this 
amount the aircraft industry has the 
biggest participation for a total of $586 
million. This is represented by 490 
million dollars being borne by the Gov- 
ernment with the balance being 
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financed by private industry under the 
accelerated tax amortization plan. The 
figures are based on U. S. Government 
and British commitments through Apr. 
30, 1941, and certificates of necessity 
issued to private industry through May 
15, 1941. 

Once again it is self-evident that the 
government is, for the most part, carry- 
ing the burden of the present armament 
program, thus avoiding the tremendous 
deflation of private capital in expanded 
brick and mortar during the post-war 

Appropriations and authorizations for 
defense materials since June 30, 1940 
now aggregate 37.8 billion dollars from 
the U. S. plus 3.7 billion dollars from 
the British Empire for a grand total of 
more than 41.5 billion dollars. The air- 
craft industry will receive 6.5 billion 
dollars of the U. S. funds and 1.7 billion 
dollars from the British for an aggre- 
gate of 8.2 billion dollars. This is for 
the period to Apr. 30, 1941. 

Such is the broad perspective of the 
straining expansion of manufacturing 
facilities and the attempt to digest a 
bulging backlog of orders. Yet this is 
not all as the cry is for more plants 
and planes. On the way is another 
War Department supply bill requesting 
about 9.5 billion dollars. This huge 
appropriation includes about 2.8 billion 
dollars for 13,000 additional planes. All 
told, these added funds are expected to 
give the Army Air Corps a total of 
46,000 planes by the fall of 1943. More- 
over, new commitments are expected to 
complete the Navy's 10,000. plane pro- 
gram. Staggering as these plans may 
be, no one can foretell the point where 
a halt will be called to the constantly 
growing production of the sinews of 

Translated to the investor, it must be 
evident that market quotations for air- 
craft equities have long discounted many 
unknowns. Despite complicating fact- 
ors resulting from expansions along 
with higher costs and taxes, satisfactory 
profits (not excess profits) will most 
likely prevail in the aircraft industry. 
At long last sufficient orders are on 
hand to warrant tooling up for mass 
production permitting a sustained level 
of high activity. Profit margins, albeit 
reduced, are expected to return suffi- 
cient earnings to equity capital, for the 
most part, to bolster market values in 
the aircraft group. 

In the midst of the feverish activity 
to produce military craft, comes word 
of the development of a new high speed 
64-passenger transport with 40 of the 
planes on order for Transcontinental 
& Western Air. Many outstanding claims 
are advanced for this plane. Pan- 
American Airways has also ordered 40 
planes of a similar type. Called the 
“Constellation”, these planes are to be 


built by Lockheed Aircraft Corp. and 
the Priorities Board has authorized con- 
struction to proceed on three, the first 
of which is scheduled for delivery next 
spring. 

Removing the glamorous aspects of 
this announcement, what are the prac- 
tical realities of this development? It 
may be well to recall the early case 
history of the Douglas DC-4. In 
March, 1936, a contract was signed for 
the completion of this prototype by 
April, 1937. It was not until May, 
1939 — two years later— that a satis- 
factory DC-4 model was developed. The 
“Constellation” may also take more 
than the contemplated one year — espe- 
cially with a war going on. 

Have any commitments been made by 
TWA to purchase these planes? Evi- 
dently not. Such a commitment would 
involve about $20 million. The total 
assets of TWA were last reported at 
about $10 million — with very little of 
this amount available for new equip- 
ment purchases. No report filed with 
the SEC or CAB or issued to stock- 
holders shows any obligation to make 
such acquisitions. Most likely, Lock- 
heed may look to Howard Hughes — 
TWA’s largest stockholder — for finan- 
cial responsibility in this respect. 

Pan-American Airways, on the other 
hand, in its 1940 annual report plainly 
states that it has ordered a total of 40 
four-engined aircraft of advanced de- 
sign — unquestionably referring to the 
Lockheed “Constellation” model. More- 
over, Pan-American takes cognizance 
of this commitment in a foot-note to 
its balance sheet. 

Forty of these planes would give 
TWA an aggregate seating capacity of 
2,560. The company's present equip- 
ment has a "practical” estimated seat- 
ing capacity of about 750. Air trans- 
portation is unquestionably growing but 
TWA may have difficulty in closing 
this indicated gap — especially with the 
“Constellation” presumably being 
adopted for long-distance flights. 

Vision of future possibilities is a 
prime requisite in commercial aviation. 
What may appear fantastic today may 
become a reality tomorrow. However, 
all new developments must be examined 
in their proper perspective and it is in 
this light that the foregoing presenta- 
tion has been advanced so that a real- 
istic appraisal may be made. 
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D EPENDABLE, smooch, economical power — chat's what the 
men who fly America's training planes demand. And that's 
what they get in “power by Lycoming." Flight instructors 
throughout the Civilian Pilot Training Program praise these blue 
ribbon engines — for their unfaltering dependability under the 
widely varying conditions encountered in student training — for 
their smooth, quiet performance so helpful to the student's relaxa- 
tion and comprehension of instruction — for their extra economy in 
keeping down gasoline and maintenance costs. Just as Lycoming 
radials play such an important part in the training of hundreds of 
Army and Navy fliers, so are Lycoming light-plane engines aiding 
the cause of nacional defense by helping create a tremendous 
reservoir of civilian pilots. Once you fly you'll always buy "power 
by Lycoming" for safe, low-cost civilian pilot training. 

YOU CAN RELY ON 


FREE LITERATURE 

on Lycoming 50 to 75-horscpowcr light-plane engines 
may be obtained from light-plane dealers. Or write 

ing Corp., Williamsport, Pcnna.,U.S. A. Cable address: 
Aviatcor. Of you wish literature on the higher horse- 


LYCOMING 

SO to 300 H.P. - • A 


FOR MILITARY AND CIVILIAN TRAINERS ★ FOR PRIVATE AND COMMERCIAL PLANES 
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SERVICE! 


Long accepted as a pioneer in service, The Parker 
Appliance Company accepts the challenge of the 
present emergency. Dedicated to defense needs are 
the ever-increasing number of new high speed ma- 
chines and modern buildings controlled by invalu- 
able technical skill and experience. Combine these 
with new streamlined production methods and a 
tremendous expansion program and you spell 
SERVICE . . . Parker Service. 

THE PARKER APPLIANCE COMPANY 








Stacking Delays 
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altitude approximates 12 min. During 
this time no other flight can be allowed 
to work the same problem. Hence, 
even the largest airport becomes limited 
to approximately five approaches and 
landings per hour during instrument 
flight weather. Very often the aver- 
age is less. An unwieldy system at best 
when only one flight is concerned, the 
standard approach breeds its own de- 
lays when applied to several flights 
arriving at the same terminal at close 
intervals. At major terminals, such as 
Chicago and New York, scheduled 
arrivals per hour during the busier 
periods of the day are many times 
greater than the capacity of a standard 
approach procedure can accommodate. 
The result has been an ever increasing 
number of serious A.T.C. holding de- 
lays. While each flight in order of 
priority works out its descent problem, 
all others must shuttle back and forth 
on the various legs of the range at 
altitudes sufficiently spaced to insure 
safety from collision. At one time as 
many as 27 airline flights were involved 
in such an A.T.C. stacking arrangement 
when the Newark airport was used for 
the New York terminal. A stack of 
ten or more flights is not infrequent. 

Obviously, such a situation creates a 
fatal bottleneck restricting the smooth 
flow of airline traffic. In addition it 
has more serious results. Pilots arc 
unable to estimate accurately in ad- 
vance the length of delay to expect. 
Thus either excessive gasoline must be 
carried as insurance whenever instru- 
ment weather appears likely, or a 
danger of fuel shortage must be risked. 
Since the former decision is always 
taken, passenger loads are automatically 
reduced and needed revenue thrown 
away. Likewise, the dangers of adverse 
flight conditions are often increased. 
Instead of an expedient approach and 
landing, a pilot may be called upon to 
hold for long periods in icing or other 
unfavorable conditions. These can be 
extremely variable from one altitude 
to the next and A.T.C. at best can 
have but imperfect knowledge of the 
same, or, if a complicated holding 
Situation exists, do little about it. As 
it is now, such a situation frequently 
causes a pilot to pass up the terminal 
and proceed to his alternate. The cause 
is not the weather but the delay. 

Another primary cause for traffic 
delays as well as confusion has always 
been the lack of a suitable radio com- 
munication channel between A.T.C. and 
the pilots in flight. At present A.T.C. 
has no direct means of communication 


with the flights they are controlling. 
This is all done indirectly through 
either the airlines’ radio channels, the 
airport control towers, or the voice 
facilities of the radio range stations. 
Applied to airline traffic, the usual 
course of an A.T.C. message is via 
telephone to the airline operations office. 
Here it is written out and forwarded 
to the radio communications room for 
transmission to the pilot in flight. 
Minutes slip past. The advantages of 
instantaneous communications are lost, 
and nowhere are they more needed. 
Likewise, the possibility of mistakes 
are increased in ratio to the number of 
people involved in the relay of the 
message. 

There may be many good reasons for 
the retention of this extremely awkward 
system of communication. None of 
them, however, appears to be so essen- 
tial as to outweigh the tremendous 
contribution which direct communica- 
tion would make toward efficient traffic 
control and air safety. 

So acute has become this entire prob- 
lem of traffic control that it is an en- 
couraging sign to note that some action 
is being taken to minimize the effects 
of these basic factors in delay. 


One obvious solution for reducing 
the time required to make a safe instru- 
ment approach is to eliminate the need 
for the standard approach procedure. 
By placing suitable radio position mark- 
ers on the appropriate range legs, and 
at strategic distances from the range 
station proper, the altitude of an in- 
bound flight can be safely stepped down 
so that a straight-in descent is possible 
from the inner marker to the field. 
Such a plan, properly coordinated, not 
only can eliminate the lengthy standard 
procedure but also opens up the pos- 
sibility of approaches from two direc- 

In modified form, this basic idea of 
the straight-in approach has recently 
been adopted at Chicago. Actually only 
one additional marker has been in- 
stalled, that being placed on the south- 
east leg of the range 2.5 miles south 
of the field. Refer to Fig. 1. This 
is a very small area high frequency 
marker (75 megacycles) providing a 
pilot both an aural and visual signal 
similar to the Z and fan type markers. 
For purposes of identification, however, 
both the aural note and the color of 
the light are different. 

While no approach marker has been 
located on the northwest leg, a straight- 
in approach has also been made possible 
from this direction by using the Wilson 
intersection (northeast leg of Joliet and 
northwest leg of Chicago) in conjunc- 
tion with the range station itself as a 
marker system to govern descents. 

With these changes in the basic con- 


trol system, instrument approaches and 
traffic control at Chicago conform gen- 
erally to the following outline. 

Flights over routes from the east, 
southeast, and south and following the 
southeast leg of the Chicago range from 
the Lansing intersection will, if no 
delay is necessary, be cleared for a 
straight-in approach to the airport 
using the Ashburn approach marker. 
Crossing Lansing at 2,000 ft. sea level, 
descent is made to 1,610 ft. sea level. 
Just prior to reaching the marker, 
wheels are lowered and airspeed re- 
duced to 120 m.p.h. The marker itself 
is identified first by the aural note and 
then by the light which lasts approxi- 
mately 15 seconds (dependent upon 
receiver sensitivity). With the fade 
of the visual signal, power is again 
reduced for descent to authorized mini- 
mum altitude of 1,110 ft. sea level 
(500 ft. above the field level). If con- 
tact is not established at this altitude 
within 1.5 min. past the marker, pull-up 
is made straight ahead toward the 
range station to an altitude of 1,610 
ft. sea level. 

In event of such a missed approach 
from the Ashburn marker a flight may, 
if traffic conditions allow, be cleared 
out the northwest leg for the execution 
of a standard approach, thus being 
given two chances to complete a landing 
in the same space of time as formerly 
was taken for one. 

Flights other than those cleared to 
approach using the Ashburn marker 
are enabled to make straight-in ap- 
proaches on the northwest leg from 
the Wilson intersection. If en route 
from the north or northwest originally 
the procedure is as rapid as that on 
the southeast leg. Mt. Prospect fan 
marker provides a convenient fix to be 
crossed at 2,000 ft. sea level from which 
descent can be made to 1,610 ft. sea 
level prior to crossing the Wilson inter- 
section. Thereafter, wheels are low- 
ered, airspeed reduced to 120 m.p.h. 
and descent continued to 1,400 ft. sea 
level for crossing the range station. 
•From the range station descent is made 
to authorized minimums with an 
elapsed time of 1.5 min. allowed for 
making contact before pull-up is re- 
quired. After a missed approach, pull- 
up is made to the N side of the south- 
east leg on a ground track of 180 
deg. and to an altitude not exceeding 
1,610 ft. sea level until instructed other- 
wise by A.T.C. See Fig. 2. 

Arrivals at Chicago via either the 
northeast or southwest legs of the range 
arc offered little advantage by the new 
procedure until such time as a traffic 
hold is encountered. Flights arriving 
via these legs, which are cleared num- 
ber one to the approach, conform to 
the following procedures. From the 
northeast leg a flight arrives over the 
range station at the approved initial 
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How to lose 
a bet to a 
ten -year-old 


1 Wager a scout knife that he can't tell 
I you the name of the airliner overhead. 
] And be prepared to pay. For he’ll tell 
' you right away that it's an Eastern Air 
j Lines plane flying by, right on schedule! 
I Naming planes is the modern young- 
• ster's version of the game you used to 
play — Naming Automobiles. It's an- 
other indication that aviation has 

' Eastern Air Lines has always been a 
| leader in the aviation industry. And we 
i of B. F. Goodrich are proud that we’re 
helping Eastern Air Lines attain "more 
miles with more safety.” 

I For Eastern's Great Silver Fleet takes 
off and lands on B. F. Goodrich Silver- 
town Airplane Tires. They achieve 
safer, smoother stopping with B. F. 
Goodrich E. T.* Brakes. And B. F. 
Goodrich De-Icers help Eastern 
maintain year-round schedules by pro- 
tecting leading edges of wings and 
stabilizers from ice. 

These are a few of the 50 B. F. Good- 

formation, write, by airmail, to The 
B. F. Goodrich Company, Aeronautical 
Division, Akron, Ohio. 
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approach altitude and then executes a 
standard approach procedure from the 
northwest leg. Flights arriving via the 
southwest leg do not proceed directly 
to the range station but follow the 
northeast leg of the Joliet range from 
Du Page intersection to Wilson, and 
then let down as described above from 
Wilson to the airport. 

The new let-down procedure from 
Wilson proves most advantageous 
whenever A.T.C. holds become neces- 
sary. Formerly, flights were instructed 
to hold between the Chicago range sta- 
tion and some point or time interval 
northwest. Thus when cleared to ap- 
proach a flight was very often at a 
disadvantage point on the beam and 
had to proceed into the range station 
and then turn around before starting 
the standard approach procedure. Fre- 
quently 15 to 20 min. elapsed between 
successive approaches for this reason. 

When A.T.C. holds are required, all 
flights cleared to hold at Wilson inter- 
section now proceed to Wilson as 
described and thereafter maintain a 
flight path between Wilson and the Mt. 
Prospect fan marker. The one excep- 
tion is when a flight is cleared to hold 
at 2,000 ft., and is designated number 
two to approach, it shall hold as close 
as practical north of the intersection so 
as to minimize delay after being cleared 
number 1 to approach. This scheme, 
in effect, maintains the stack-up of 
holding airplanes (with the usual verti- 
cal separation of 1,000 ft.) just north 
of the Wilson intersection from which 
the approach can be made straight-in 
after receipt of approach clearance. 
Once a flight cleared number one re- 
ports past Wilson and leaves 2,000 ft., 
all other flights are stepped down 
1,000 ft. respectively, in preparation 
for the next clearance. Normally this 
will be given when the number one 
flight has made contact over the field, 
thus indicating an average time interval 
between successive clearances of 7 or 
8 min. rather than 12 to 15. 

The new Chicago approach pro- 
cedures illustrate what can be done to 
expedite traffic control with a minimum 
installation of new radio facilities. 

Hangs Control at LaGuardia 

At LaGuardia Field, New York, how- 
ever, instrument approach traffic con- 
trol has, in theory, been carried to the 
logical conclusion. Here, under a sys- 
tem termed Range Control, the ideal of 
the straight-in approach has been com- 
bined with an experimental method of 
direct radio communication between the 
traffic controller and the pilots in flight. 

Cooperating with the various airlines, 
A.T.C. has allocated a separate office 
from which all Range Control instruc- 
tions are sent and received. The Range 
Control operator and his assistants have 
at their disposal a complete battery of 


radio transmitters and receivers so that 
direct communications may be main- 
tained with all flights under Range 
Control jurisdiction. In addition, direct 
telephone communication with the regu- 
lar A.T.C. office makes all necessary 
traffic information available to both 
offices. Likewise an assistant in the 
airport control tower is in direct tele- 
phone communication with the Range 
Controller to advise of all plane move- 
ments on the field or due to take off. 
A future, permanent set-up contem- 
plates the location of the Range Con- 
trol office in the control tower itself. 

Within the New York area a sepa- 
rate zone or airspace has been desig- 
nated as under the direct jurisdiction 
of Range Control. This includes the 
area on the LaGuardia range between 
the Keyport intersection (southwest leg 
of LaGuardia and the southeast leg 
oi Allentown) and the Port Chester 
fan marker on the northeast leg of 
LaGuardia. To the west it is bounded 
by the southwest and northeast legs of 
the Newark range, and to the east it 
includes the Floyd Bennett range to a 
distance of about 3 min. flight time east 
of the Rockaway approach marker. 
Vertically, the control extends to and 
includes the 4,000 ft. sea level altitude 
between Keyport and the LaGuardia 
range station, and the 2,500 ft. level 
between the range station and the Port 
Chester marker. Refer to Fig. 3. All 
flights outside of and above this air 
space will remain as formerly under the 
jurisdiction of A.T.C. 

The operation of Range Control is 
supposed to conform to the following 
general procedure. Any inbound flight 
approaching New York under instru- 
ment flight rules from the northwest, 
west, and southwest will remain under 
the jurisdiction of A.T.C. until such 
time as clearance is given to the Coney 
Island intersection at 4,000 ft. (or 
lower) and Range Control. Flights 
from the north and northeast will re- 
main under A.T.C. until a similar 
clearance or one reading to the Port 
Chester fan marker at 2,500 ft. and 
Range Control is received. Upon be- 
ing cleared to Range Control, a pilot 
will shift his transmitter and com- 
munications receiver to the frequency 
which his company has set aside for 
Range Control communication, and 
upon reaching the designated check 
point (Coney Island or Port Chester) 
at the assigned altitude will report di- 
rectly to Range Control. From this 
time onward, until ground contact has 
been made and the tower contacted, or 
until reassigned to A.T.C., the flight 
will be under the sole jurisdiction of 
the Range Controller. Figs. 4, 5 and 6 
illustrate the operation of Range Con- 
trol in diagram form. 

Upon receiving a pilot’s report at 
Coney Island, Range Control will fur- 


nish the correct time, the Kollsman 
altimeter setting, the wind direction 
and velocity on the ground, the runway 
being used, and the expected approach 
clearance time. 

This system of control is so designed 
that normally the controller will have a 
maximum of four flights to superin- 
tend simultaneously. Three of these 
will probably be holding at 2,000, 3,000, 
and 4,000 ft. respectively south of 
Coney Island, while the number one is 
making its approach. When cleared 
in, this flight will cross Coney Island 
at 2,000 ft. and holding an indicated 
airspeed of 120 m.p.h., reach the 
LaGuardia range station approximately 
5 min. later at 1,200 ft. and thence make 
the final descent to the field. When 
Range Control has acknowledged num- 
ber one flight’s report of leaving Coney 
Island and 2,000 ft., number two and 
three will be instructed to descend to 
2,000 and 3,000 ft. respectively. When 
the 4,000 ft. level is vacant, Range Con- 
trol will so notify A.T.C., which will 
clear another flight to 4,000 ft. and 
Range Control. 

Four minutes after number one flight 
reported starting the approach from 
Coney Island, number two flight was 
given approach clearance. In such 
fashion it is planned, that a minimum of 
4 min. time separation will always be 
maintained between flights cleared from 
Coney Island to the field. In addition, 
flights holding will be separated by the 
usual 1,000 ft. intervals. 

In the event an approach is missed, 
flights will remain on Range Control 
frequency and notify Range Control 
immediately, proceeding out the north- 
east leg of the LaGuardia range, and 
climbing to 2,000 ft. Until further in- 
structions are received the flight will 
hold between the Port Chester marker 
and the Clason Point marker at 2,000 
ft. In such cases Range Control has 
several choices of procedure depending 
upon circumstances existing at the 
time. Flights may be cleared to the 
Floyd Bennett range for an approach 
at Floyd Bennett using the southeast 
leg and the Rockaway approach 
marker, or returned to the stack at 
Coney Island via either the Floyd Ben- 
nett or Newark ranges. If it is neces- 
sary that the flight proceed to an alter- 
nate other than Floyd Bennett it will 
be reassigned to A.T.C. for instructions. 

Flights holding at Coney Island are 
expected to stay within the airspace 
between Coney Island and the Keyport 
intersection to the west of the La- 
Guardia beam. Refer to Fig. 3. 

Since clearances should be expected 
at approximately 4 to 5-min. intervals, 
pilots can anticipate clearance times 
and plan their holding maneuvers in 
order to be in the most advantageous 
position when clearance is received. 

( Ttim to page 176) 
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Defense workers have used- 

lu* 

electric drills and tools 


Since 1898. when James Clark, Jr., made and sold America's 
first portable electric drills and electric tools, the name of Clark 
has stood for finest quality and workmanship. In today's 
emergency, as in years gone by. Defense Industries are calling 
on Clark to furnish the portable drills and other electric tools 
necessary to speed up production. 

Our facilities at the present time are almost wholly at the dis- 
posal of the United States Government. When the immediate 
emergency is past, however, we will be better able than ever 
to supply your electric tool needs. 


IAS. CLARK, JR. ELECTRIC CO. 

606 BERGMAN ST., LOUISVILLE, KY. 


Recent Books 

Aerosphere, 1941, Published by Air- 
craft Publications, New York, N. Y. 
900 pages, $10. 

The second edition of the interna- 
tional aeronautical yearbook. Aero- 
sphere, is an improvement over the 
first in the arrangement and presenta- 
tion of its material, and is well worth 

Incorporating descriptions of most 
aviation engines and aircraft currently 
in production, both military and com- 
mercial types, it is illustrated by excel- 
lent photographs and drawings. The 
first section is devoted to Modern Air- 
craft which are described and illustrated 
in alphabetical order. Preceding this 
section, is a handy reference article on 
types of planes used by the Air Corps 
and Navy, with explanations of insignia 
and markings identifying the different 
types. 

The second section of the book, called 
Modern Aircraft Engines, includes in- 
formation in condensed form on engines 
currently produced throughout the 
world. New designs and experimental 
types available are also described, and 
the data on these engines are arranged 
alphabetically according to the country 
of their origin. 

An interesting third section contains 
statistics of various sorts to which one 
frequently likes to refer, such as the 
development of attack, pursuit, bom- 
bardment, observation and training 
planes from 1918 to the present, which 
are illustrated in a series of photo- 
graphs. Due to the efficient use by the 
British of torpedo planes, the history of 
the development of this type by our 
own Navy in 1917 and thereafter gains 
particular attention at this time. 

Coast Guard aviation receives due 
attention for its little publicized activ- 
ities in a recounting of the service from 
1916-1940. 

The fourth section is a world-wide 
Buyer's Guide. 

Radio Communications Systems. A 
catalog published by Air Associates, 
Inc., Bendix, N. J. 

This 55-page loose-leaf manual con- 
tains specifications, descriptions, and 
prices on conventional and ultra-high 
frequency radio communication systems 
for private, commercial and military 
operators of aircraft. The book is di- 
vided into sections covering long range 
equipment, school and ultrahigh fre- 
quency equipment, interphone equip- 
ment, antenna systems, accessories, and 
equipment for light planes. It is well 
illustrated with large photographs of 
each unit described. In addition to air- 
craft equipment, ground station and air- 
port control units are described. 
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LAWRANCE ENGINEERING 

AND RESEARCH CORPORATION 


C OMPLETELY enclosed in a soundproof 
compartment, the Lawrance Auxil- 
iary Powerplant provides "packaged 
power" for aircraft requirements. It may 
be installed or removed as a unit, or the 
compartment readily opened for easy 
accessibility to the aircooled engine and 
generator. 

The entire Lawrance unit weighs only 
213 pounds including the compartment, 
which itself is so light that it may be 
lifted with two fingers. The unit fea- 
tures many advanced radial aircooled 
engine designs, is entirely automatic and 
incorporates full pressure lubrication. 
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Spotwelding 

(Continued from page 42) 


aid to welding in that it produces a 
high contact resistance between the 
surfaces to be welded and so aids in 
the generation of heat to make the spot. 
However, it is so inconsistent in its 
characteristics that it is found better 
in most cases to remove it by etching 
with a dilute acid. Present efforts are 
being directed toward elimination of 
hand methods of cleaning and etching 
in favor of an automatic tank-dip proc- 
ess, and possible substitution of a 
method which will combine the degreas- 
ing and etching operations. 

The cleaning of the outside surfaces 
of the sheets being welded is also very 
important in order to eliminate stick- 
ing of the electrodes with consequent 
burning of spots. 

The factors discussed above must all 
be brought under rigorous control in 
order to achieve the consistency in weld 
strength which government agencies 
and careful manufacturers demand in 
aircraft work. 



Besides the studies on surface pre- 
paration and consistency of welds de- 
scribed above, other interesting fields 
in which work is being carried on at 
Lockheed are as follows : 

Fatigue Studies — Evidence is being 
built up to indicate that spotwelded 
joints compare favorably with riveted 
joints (especially jZiu/i-riveted joints) 
in the matter of fatigue strength under 
small torsional vibrations such as would 
be sustained in the airplane. 

Measurement of Variables — Methods 
have been developed for accurately 
measuring current and pressure during 
the weld. Reliable knowledge of these 
variables is essential to further prog- 
ress in welding technique. 

Optimum Spot — Studies are being 
undertaken to determine whether a few 
large spots or numerous small spots are 
most desirable; also on relative merits 
of short and long times, high and low 
pressures, transient versus alternating- 
current discharge, etc. 

Demonstration of Parts — Much has 
been done along the line of making up 
demonstration parts to illustrate to 
designers the feasibility and economy 
of spotwelded construction. 


Design lor Spotwelding 



Spotwelding is not technically feas- 
ible unless certain simple design re- 
quirements arc met, such as accessi- 
bility for electrodes, sufficient width of 
fiat areas to permit placing of spots, 


and use of materials approved for spot- 
welding. (Non-alclad material is- not 
generally so approved). 

Spotwelding is not economic;")' 
feasible unless certain more broad- 
gage design requirements arc met. The 
most important of these, at the present 
stage of development, is use of the 
“blanket” type assembly — i.e., one in 
which the structure is made up of a 
number of units such as skin panels 
with stiffeners, which can be taken as 
units to the spotwelders, then assembled 
with other such units in the jig. It is 
probable that later on, portable "gun” 
type equipment will be perfected which 
will make it possible to weld assemblies 
in the jigs; but due to the excessive 
currents and pressures which arc re- 
quired this is not very practical at the 
present time. 

Incidentally, the “blanket'' type of 
assembly is effective in facilitating air- 
craft construction anyway, even when 
rivets are used, because it decentralizes 
activities from the bottleneck at the 
assembly jig. Jig assembly will prob- 
ably only come into the economic pic- 
ture when quantities are such that an 
entire jig can be .wired as one spot- 
welding electrode and the entire as- 
sembly welded by a few descents of a 
multiple-electrode device such as is used 
in the automotive industry. 

Design for economic spotwelding 
should of course include long straight 
runs (parallel if possible) for roll 
welders. 


Economies ol Spolweiding 

Discussion of the relative costs of 
riveting and spotwelding has been 
widespread and contradictory. Where 
fixed-electrode spotwelders are used on 
heterogeneous parts primarily designed 
for riveting, it is often hard to show 
any net saving as compared to riveting, 
especially when the latter is of the 
multiple-operated or automatic variety. 
However, when parts are designed for 
spotwelding, work is properly sched- 
uled, and roll spotwelding is used to 
the utmost, costs can be reduced to a 
very low level and production can be 
speeded up materially. The latter con- 
sideration is very important in our 
present situation with regard to na- 
tional defense. 

Especially in view of national de- 
fense requirements, it is believed to be 
an inexcusable waste of time and re- 
sources for various aircraft companies 
to duplicate each others’ work by keep- 
ing their research a profound secret. 
Of course, there are certain fields, such 
as aerodynamics, in which a competitive 
advantage may be gained by secret de- 
velopments ; but in the field of factory 
practices, equipment, and materials, it 
is believed that everyone will be the 
gainer by concerted effort. 
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• Looking for top-quality aircraft tapes? 

Laboratory-tested Airwing Tapes are offered 
in a complete selection ready for immediate 
delivery out of factory stock. Airwing's dis- 
tinguished line includes Grade A, pinked edge 
or Sealedge tapes, balloon tapes, untreated or 


Alrwkig Tapes are cut in our own factory. 
They exceed Army and Navy Specifications 
by a comfortable margin. As with all 
Aircraft Fabrics, these tapes are carefully in- 
spected, rigidly tested, before they are OK’ed 
for your use. 


SEND FOR YOUR COPY 

We have just released a new folder, 
describing the entire line of Airwing Air- 
craft Fabrics and Tapes. Actual swatches 
of tapes and fabrics are included. Write 
today for your copy. 
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IT PAYS TO BUY 

Aircraft 1941 

AND HERE'S WHY 

In one cleat concise volume you 
have all you want to know 
about today's problems and pro- 
cedures in the design and de- 
velopment of aircraft and their 
components. 

5 IN 1 

Five complete books bound in 
e handy practical volume. 

1. AIRCRAFT 

2. POWER PLANTS 

Engines . . . Parts . . . Auxiliaries 

3. AIR EQUIPMENT 

Accessories . . . Instrument . . . 
Materials 

4. ENGINEERING 

Formulae 

5. THE GUIDE 


An invaluable source of needed 
information that will prove a 
most useful addition to your 
Aero Reference Library. 

No matter what phase of Hying 
you are interested in you will find 
a thousand reasons why IT pays 
to BUY 

Aircraft 1941 

The Encyclopaedia of Current 
Aircraft Practice. 


ORDER YOUR COPY NOW— TODAY! 



Electric Arc Welding 

(Continued from page 45) 


machines for such work with complete 
success, achieving the required preci- 
sion and at the same time considerably 
reducing the cost of tube cutting over 
previous methods. 

Inspection of electric arc welds is 
largely visual and follows closely gas 
weld inspection practice. The weld it- 
self is usually not quite so smooth, hav- 
ing a characteristic “lumpiness” or 
irregularity. But the inspector has no 
difficulty in detecting pin holes, un- 
natural roughness of the weld, burns, 
or craters. All welds in structural mem- 
bers are magnetically inspected for 
detection of possible hidden cracks. A 
final air pressure test is given to the 
completed fuselage structure, testing 
all joints with soapy water for tell-tale 
bubbles. Under a pressure of 80-103 
lb. per sq. in., any pin holes or cracks 
are quickly revealed. Pin holes are 
carefully filled with a touch of the weld- 
ing rod, to prevent leakage of Lionoil 
into the finished airplane following final 
assembly. Cracks are repaired by 
grinding, filing, or sawing the weld 
away and refilling the joint with a solid 
weld. Arc marks have been a source 
of considerable trouble and there is no 
cure for this except careful training of 
welders. This occurs when a welder 
inadvertently touches his rod while 
“live” to a part of the structure not to 
be welded. A structural member can 
be weakened in this way, and when this 


Assembly of fuselage structures is 
greatly speeded through a complete 
breakdown of the welding operation 
into the maximum number of sub- 
operations. This has two distinct ad- 
vantages. It permits the welder to get 
at his work with the greatest ease and 
accessibility. And it provides a run- 
ning check on tolerances and warpage. 
Since most of the welding is done on 
small subassembly jigs, there are rela- 
tively few welds left to perform on the 
final assembly fixture. This lessens the 
chance of warping and shrinkage of 
the completed structure and serves to 
speed the entire welding assembly pro- 


Welding machines are being further 
improved and it is believed that this 
will help speed aircraft work still more. 
At present, the chief control over the 
weld is the technique of the operator. 
He varies the arc to provide a wider 
arc and consequently greater heat for 
welding of heavy tubing, while a 
shorter arc and lower heat is employed 
for lighter welding. A light, simple 
and positive amperage control will help 
to give the electric arc greater flexi- 
bility for performing welds under a 
wider range of heat control. This im- 
provement will soon occur. 



The lower longeron of o trainer fuselage is welded in this massive Jig. 


AVIATION, /uly. 


Dear Mom 


end and I'm not a General 
yet. But give me time. 

Matter of fact, I have 
too much time on my hands — on 
evenings and weekends. 

The nearest village is 5 
miles away. All you find there 
is a general store, a garage 
and a canning factory — nowhere 
to go for any good clean fun. 
unless you drop in at a smoke- 
filled juke joint on the way. 

re's a big fa- 
e. The U. S. 0. 
mg to raise $10,765,000 
clubs for us. outside 
Places with lounge 
rooms, dance floors, games, 
writing rooms. Places you can 
get a bite to eat without pay- 
ing a king’s ransom. 

1 know you don't have an 
idle million lying around 
if you could get the fi 
interested and some of 
neighbors, and if that hap- 
pened all over the country, 
the U. S. 0. could raise 
$10,765,000 overnight. 

I ■ d appreciate i _ 

Mom. and so would every o 
mother's son in the U. S. 

Army and Navy. 

Love, 

Bill 





OPEN YOUR HEART 
OPEN YOUR PURSE 
GIVE TO THE 


UNITED SERVICE ORGANIZATIONS 

These organizations have joined forces to form the U.S.O.: the Y.M.C.A., 
Notional Catholic Community Service, Solvation Army, Y.W.C.A., Jewish Wel- 
fare Board, National Travelers Aid Association. 



ICE CONTI 


THE B Q 
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Sperry Corp. 

( Continued from page 39) 


"The corporation is a servicing organ- 
ization. We approve general policies 
but all details are left to the separate 
firms. We merely oil the wheels.” 


1. At the root of all Sperry activity 
is research. Each of the three manu- 
facturing divisions is essentially an en- 
gineering organization. Sperry lives 
on and through its engineering brains. 
Its reason for being started with re- 
search and each step of the way has 
been due to continued research. In 
addition to the dramatic new develop- 
ments produced by Sperry scientists, 
such as the gyro-pilot, the flightray, 
anti-aircraft equipment, fire control and 
hydraulic apparatus, there have been 
steady but less dramatic improvements 
in making old products do their job a 
little faster or a little better. Sperry’s 
task is a never-ending job of scientific 
exploration. 

Research itself is of prime import- 
ance in the Sperry platform. But to 
win a war it is necessary to accelerate 
research. "Progress will come eventu- 
ally," said Tom Morgan, “but we can’t 
wait for slow, leisurely developments. 
Our job is to accelerate research in 
every way possible. The solutions to 
critical problems that may help to win 
the war are just over the horizon. We 
must reach those solutions as rapidly 
as is possible." 

2. Many possibilities for commercial 
products emerge from the Sperry lab- 
oratories. Those that are put into pro- 
duction have certain qualifications which 
are indicative of the corporation's 
thinking. Basically, a product must be 
hard to make. There, arc plenty oi 
firms to make the easy products — 
Sperry wants only the tough ones. 
Whether or not its products can be 
patented makes little difference to 
Sperry. Basic patents on the gyroscope 
ran out some years ago. Now anyone 
is free to make such instruments as a 
gyro-compass— but it’s a tough job, as 
several firms that have tried and failed 
will tell you. 

3. Another plank in the Sperry plat- 
form is to have a diversity of products. 
As mentioned earlier, there are five gen- 
eral fields of activity for which the 
corporation is now building products: 
anti-aircraft, confidential equipment, 
aviation, hydraulics and marine. In two 
of these fields, come peace or war, 
the surface is only being scratched at 
present: aviation and hydraulics. To 
quote Mr. Morgan : 



Sperry marine searchlights are used on most 


“Sperry's field of engineering activity 
has been broadened during the past few 
years by entry into the field of hy- 
draulics. Hydraulic units complement 
many of our other products, just as the 
muscle in your arm serves your brain. 
Hydraulics is still an infant industry. 
There are many fields in which the 
principles of hydraulic transmission of 
power have not been applied, and there 
are many new applications for hy- 
draulics in the industries in which it 
has already been introduced. Hy- 
draulics and aviation, in my opinion, 
stand today at the forefront as rela- 
tively untouched frontiers of American 
industry.” 

4. Men are the most important part 
of an organization. Choose them prop- 
erly, put them in a job they can do 
and then give them freedom to do it. 

5. The strength of man power is 
increased many fold through efficient 
company organization. Tasks assigned 
workers should be clearly defined, and 
relationships between one position and 
all other positions should be definite 
and explicit. There should be no over- 
lapping, nor any gaps. Company poli- 
cies should be set forth clearly on such 
matters as distribution of responsibility, 
standing rules and operating procedures, 
wage administration defining skills and 
characteristics required in each job, 
and accounting practices that specify 
distribution of operating expense by 
responsibility. 

6. Anticipate changes and prepare 
as far ahead as possible to meet them. 
This is industrial planning in its best 
sense. Plan in advance your products, 
your production facilities, your person- 
nel, your methods. It is significant that 
Sperry anticipated a considerable 
amount of the present need for its 
products. Four years ago, as pointed 
out in the June issue of Aviation, 
Sperry management saw that it would 
need subcontracting firms at some time 
in the future. As a result, surveys of 
potential capacity were made, educa- 
tional orders were given, and gradually 
subcontractors were taught to work to 
Sperry specifications. Plans were also 
made as to facilities in adjacent build- 




ings that could be leased. As a result 
of this planning, Sperry's expansion 
has been carried on smoothly and effi- 

S perry Gyroscope Co. 

The Sperry Gyroscope Co .is the old- 
est and largest unit in the corporation. 
It was founded in 1910 by the late Dr. 
Elmer Sperry, one of America's great- 
est and versatile scientists. Since that 
time a considerable line of unique engi- 
neering products have been developed 
and produced by this company. The 
gyro-compass revolutionized the science 
of navigation and gun-fire control. As 
far back as 1913 Sperry organized an 
aviation department and the following 
year Lawrence Sperry won the Grand 
Prix at the Paris Air Meet with an 
early type of automatic pilot for air- 
planes. 0 tlier new products followed, 

including a high intensity searchlight 
developed in 1916 under the direction of 
P. R, Bassett, now vice president and 
chief engineer. Other marine products 
are the course recorder, searchlights, 
rudder angle indicator, and an electro- 
mechanical steering system. 

Readers of this magazine are more 
familiar with Sperry’s aviation activi- 
ties than with its other products. To.day 
every large commercial plane, and all 
military ships except a few primary 

The famous directional gyro and the 
gyro-horizon are requisites on instru- 
ment panels. The automatic pilot is 
standard equipment on air transports 
and in bombers. The newer automatic 
direction finder gives further aid to the 
pilot flying on instruments. Most recent 
instrument is the Sperry Flightray, 
which combines for the pilot the indi- 
cations of a number of instruments on 
the face of a single dial. 

In the field of anti-aircraft defense, 
this company has pioneered the develop- 
ment of an entire system against air 
attack. Sperry sound locators detect 
the location of an approaching plane, 
then searchlights automatically illumi- 
nate the airplane, and an anti-aircraft 
director, functioning as a computing 
mechanism, determines the direction 
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M Yourself These H Questions 


Have I a High School education? 

»o I want a career, rather than just a job? 

' ' a ‘ in8 ^ '■ "late lu v. 




IF YOUR ANSWER is “yes,” the following news may 
be important to you: Today, more than ever before, 
trained men are needed in the aviation industry — not 
only to supply the needs for the present — but fur the 
future. In the Boeing School of Aeronautics, serious- 
minded young men with high school education will 
receive just the training that is required to fill aviation's 
growing demands. Boeing School Gratis are wanted now 
and in the future. 


classes, you gel the fullest measure of personal supervision 

I. At lloeing School of Aeronautics you watch pilots, engi- 
neers, and oilier truined, experienced men working at the 

5. The Hoeing School offers you IT modern shops and 
laboratories — 9 different types of training planes and all- 

6. Hoeing School is a professional school in every respect, 
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and elevation and fuse setting required 
to aim anti-aircraft guns at the plane 
and to follow the plane across the sky. 

Expansion at Sperry Gyroscope has 
been steady but orderly. In the war 
years of 1917 and 1918, Sperry produc- 
tion rose from 50 percent of the esti- 
mated single-shift capacity of the 
factory to 120 percent. In January 
1939 production was at 150 percent of 
the single-shift capacity. Now, with 
the aid of multiple shifts, rented quarters 
and subcontractors, production is con- 
siderably over the 600 percent figure. 
In two instruments alone, directional- 
gyros and gyro-horizons, production 
has increased from 60 a month in 1928 
to 600 a month in 1938 and now 
to 6,000 per month. There are now 
8,300 employees working in five differ- 
ent buildings in Brooklyn and Garden 
City. 

The company is soon to break ground 
for a new factory on Long Island that 
will have approximately 1,000,000 sq.ft. 
This will double the amount of floor 
space available today. With this new 
unit in production, total Sperry Gyro- 
scope employees will be about 14,000. 

Harry Vickers started his firm in 
California in 1920 for the construction 
of specialized hydraulic machinery, in- 
cluding pumps and valves. In 1925 he 
developed an hydraulic steering gear 
for automobiles and a high-pressure 
vane pump. In 1930 he moved his 
business to Detroit, and his entire 
organization consisted of about a dozen 
people. By 1937, when the company 
employed 680 persons, it was purchased 
by the Sperry Corp. Now Vickers em- 
ploys some 3,000 people. 

The largest producer of oil hydraulic 
devices, Vickers builds units that han- 
dle loads as small as 50 lb. and as 
great as 4,000,000 lb. Light stage 
equipment in Hollywood, snow removal 
in Maine, airplanes in the sub-strato- 
sphere, and coal mining machinery far 
below ground — all may have Vickers 
hydraulic equipment. The amount of 
hydraulic equipment in our large bomb- 
ers is considerable. 

Throughout industry, wherever there 
is a need for a simple and compact 
unit for the efficient transmission of 
power at various speeds, hydraulics are 
finding increased use. The growth of 
hydraulic equipment in military fields, 
for elevating guns, for moving gun tur- 
rets and for other purposes is steadily 
growing. 

Sperry became interested in hydrau- 
lics some years ago and bought the 
Waterbury Tool Co. in 1935. Water- 
bury is the pioneer organization in the 
field and has specialized in building 
large variable speed transmissions for 
tlie Navy. This firm was merged with 


Vickers and is known as the Water- 
bury Tool Division of Vickers, Inc. 
Waterbury builds the large units, and 
Vickers specializes on the small ones. 

The Sperry Corp.'s interest in hy- 
draulics is not surprising. Sperry's 
automatic pilot for airplanes uses hy- 
draulic means to handje the controls, 
Ford Instrument’s fire control apparatus 
for the Navy utilizes hydraulics, and 
other examples could be cited. Thus 
the tie between hydraulics and the other 
corporation products is a natural one. 

Ford Instrument Co. 

All of the output of the Ford Instru- 
ment Co. goes to the Navy — and all 
of it is listed as confidential equipment. 
Ford specializes in the design and 
manufacture of computing mechanisms 
and naval gun fire control apparatus. 
Beyond that brief statement, little can 
be said of Ford Instrument products. 

Hannibal Ford was one of Dr. 
Sperry’s early engineers, and went 
aboard the U.S.S. “Delaware” 30 years 
ago when Dr. Sperry, Ford, Tom Mor- 
gan, and R. E. Gillmor met for the first 
time. Hannibal Ford left the Sperry 
Co. in 1915 to start his own organ- 
ization but rejoined the corporation 
some years later. Thomas B. Doe, 
vice-president of the Corp. and also 
vice-president and general manager of 
Ford Instrument, is now the active 
head of the organization. Ford Instru- 
ment now has some 3,000 employees 
and has expanded to fill three buildings 
in Long Island City. Further expan- 
sion is definitely in sight. 

Sperry, Vickers and Ford are doing 
a real job in national defense manu- 
facturing today — and doing it exceed- 
ingly well. They say little or nothing 
about their achievements. The facts 
about their role in defense must be 
pried out of them. 

They are doing a good job because 
long ago they began to hunt and plan 
for the answer to Tom Morgan's ques- 
tion: “What is necessary to increase 
production ?” 


British Air Power 

(Continued from page 31) 


protect all its other aeroplanes and to 
keep the sky clear of enemy aircraft. 
The RAF undertakes to provide these 
bombers and fighters as they are re- 
quired. When the BEF went to France 
in 1939 it was accompanied by a body- 
known as the Air Component of the 
Expeditionary Force under an Air 
Vice-Marshal. 

After the BEF had got home from 


Dunkirk, the relations of the army and 
the air force were considered afresh, 
and as a result a new command was 
instituted in the RAF with the title oi 
Army Cooperation Command. Its main 
purpose is to ensure that the army- 
staffs and the air staffs of commands, 
groups, and divisions should have a full 
understanding of each other's problems, 
and also to see to it that the RAF shall 
give the army all the help which it 
needs from the air. At the head of this 
new command is an air officer com- 
manding-in-chief. 

The air force is prepared to wage 
war in the air at times when the army 
is not engaged and in places where the 
navy cannot penetrate. The bomber 
command and the fighter command deal 
with these aspects of air work. The 
bomber command has to be flexible, 
ready to attack whatever constitutes the 
greatest danger to Britain at any one 
moment. Before the invasion of Nor- 
way this war was mainly naval in 
character, and so the bomber command 
bombed the German naval bases at 
Wilhelmshaven and elsewhere, attacked 
the German fleet whenever it put to sea, 
and sent "security patrols” by night 
over the Frisian Islands from which 
the enemy seaplanes used to start to 
lay magnetic mines in British waters. 

After the BEF had got back from 
Dunkirk, the bomber command began 
to wage a campaign on its own account, 
and turned its chief attention to Ger- 
man munition factories and oil supplies, 
while still keeping up its raids on naval 
bases and the so-called invasion ports. 
Neither the navy nor the army can take 
any share in the destruction which the 
bomber command has wreaked in the 
Ruhr district and elsewhere. It is 
purely an air campaign. 

The fighter command hardly needs 
any explanation. Everybody in Great 
Britain and the Empire knows how the 
squadrons of Spitfires and Hurricanes 
first drove the enemy dive-bombers back 
from the beaches at Dunkirk, and then 
defeated the great attempt of the other 
German bombers to beat this country 
to its knees by mass raids in daylight 
last summer. Generally speaking, the 
fighter command (which has control 
over the searchlight units and anti- 
aircraft batteries supplied by the War 
Office and includes as well the Observer 
Corps and the Balloon Barrage) is the 
most static of all our forces, being tied 
to Great Britain and purely defensive 
in character. Of late, however, British 
fighters have been used for aggressive 
action, escorting bombers in sweeps by 
daylight over Northern France. It is 
no secret that fighters with longer range 
than the Hurricane are being produced, 
and in the coming months a new- chapter 
in air warfare may very probably be 
written. 
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IN YOUR SHOP EQUIPMENT 

NOW, more than ever, you need shop machinery 
that will produce more in less time. High spindle 
speeds are essential for the efficient use of modern 
sintered carbide and diamond cutting tools. Smooth, 
vibration-free operation at high speed is achieved in 
South Bend Lathes by using a direct belt drive to the 
spindle, a precision balanced spindle assembly and 
spindle bearing surfaces that are hardened, ground 
and superfinished to a smoothness of five micro- 
inches (.000005"). 


At right— 10"Swing, l"Collet Capacity South Bend 
Tool Room Precision Bench Lathe. This lathe has 
nine spindle speeds ranging from 50 to 1357 
R. P. M., 134" hole through spindle, 1" maximum 
collet capacity, 48 power longitudinal carriage 
feeds, 48 power cross feeds, and cuts 48 different 
pitches of screw threads. 


SIZES OF SOUTH BEND LATHES 



PARTIAL LIST OF DEALERS 


See a South Bend Lathe before you buy. Write today lor free 
catalog and name of nearest dealer. 


C. Noel Co., Inc. Portland. Ora. — Por 




Milwaukee, 

Newark. N. J. — I. R. Edwards Mach. 

•Bo-.ton Solos Oilice: €7 Broadway. Kendall Sqi 


-York Mach. & Supply Co! 




SOUTH BEND LATHE WORKS r..,. 


179 E. Madison Street, South Bend, Indiana, U. S. A. 



Is there 
another woman 
in your life? 


0 F COURSE there ia. 

She’s the one with the pencil and pad who sits 
by your elbow every now and then. She’s the 
young lady who takes your calls, doles out the 
aspirin on occasions, and blocks out your would- 
be tacklers whenever the going gets rough. 

Come to think of it, you probably spend as 
much time in her company as you do with the 
folks at home! 

All of which ... if you’re the kind of a man 
we think you are . . . serves to show what a big, 
dramatic part of your life your business really is. 
It's Major Item, number one. 

So, it isn’t at all surprising that the magazine 


closest to the news of business is Major Reading, 
number one, for men of Management. 

Far from fancy, that fact has been borne out 
by nearly every independent study ever made 
among these men. Consistently, Business Week 
rates with, or above, magazines of seven, ten. 
and twenty times its circulation size. 

Consistently, too, it holds top rank in still 
another column. 

Advertising-wise, it’s entrusted with more 
pages of advertising directed to Management than 
any other magazine of any kind! 

And in January, the men of advertising in- 
creased their investment in these pages by twenty- 
five percent over the figure for a year ago! 




V * 1 


Acrobatics Are Easy 

(.Continued from page 37) 


avoid pushing the nose away from its 
original direction. Maintain full left 
aileron, and enough left rudder to hold 
the nose in line. As the wings become 
level, ease all controls to neutral. Sim- 
ple, isn’t it? 

The snap roll, or “barrel roll," as it 
was once called, is regarded by some as 
being easier than the slow roll. This 
may be true if no effort at precision is 
made. The writer considers a good 
snap roll, in which the recovery is made 
with the wings exactly level and the 
ship heading the original direction, to 
be more difficult than the slow roll, and 
for this reason the maneuver has not 
been introduced before. 

The snap roll is illustrated in Fig. 2. 
Careful examination of this illustration 
will show that the maneuver is merely 
a horizontal power spin, and the control 
setting is identical with that for a nor- 
mal spin. Furthermore, if recovery is 
not made while the ship still has flying 
speed, a power spin will result. If this 
should occur while you are practicing, 
there is no occasion for alarm. Obvious- 
ly, all that is necessary is to close the 
throttle — so as to avoid unnecessary 
abuse of the engine, propeller, and struc- 
ture — and recover from the spin in the 
usual manner. 

Since the snap roll is one of the so- 
called “stall” maneuvers, it should be 
performed at relatively low speed for 
two reasons. First, since the angle of 
attack is abruptly increased to the maxi- 
mum, high stresses are imposed upon 
the structure if the speed is high. Sec- 
ond, if the speed is too great, the 
maneuver will be sloppy instead of 
snappy and a big, loose “barrel-house” 
roll will be the result. One of the rea- 
sons for the name of the maneuver is 
the very definite snap, or whip, that 
occurs when it is properly performed. 
If this snap is lacking, you may know 
that you have slipped up somewhere in 
the execution. 

The maneuver is performed as fol- 
lows: adjust the throttle so that the 
speed is somewhat below cruising, 85-90 
m.p.h. is satisfactory in most airplanes. 
Select some object on the horizon to 
enable you to check your direction when 
the maneuver has been completed. Set 
the stabilizer to a slightly tail-heavy 
position. (This is not absolutely essen- 
tial, but helps.) Allow the nose to rise 
above the horizon to the approximate 
position of a fairly steep climb. Then 
abruptly apply full rudder and yank 


the stick straight back as far as it will 
go. This is one of the few maneuvers 
— if not the only one — in which the con- 
trols are really manhandled. When you 
have tried it, you will see why we 
advised entering it at comparatively low 

The nose will rise and swing to the 
right, (or left, depending on which 
pedal you booted) and if you have been 
fast enough and moved the controls far 
enough, you will feel a distinct whip, 
which will tend to throw you to one 
side of the cockpit. If you used right 
rudder and rolled to the right, you will 
be thrown to the left, and vice-versa. 
The ship will roll to the inverted posi- 
tion and continue on around. As the 
wings become vertical on the way to 
level flight, return the rudder to neutral 
if the roll was made to the right. If 
to the left, it is better to use some 
opposite rudder in most airplanes. As 
the position of a 45 deg. bank is reached, 
return the stick to neutral. The quick- 
ness with which the controls are moved 
during recovery determines where the 
roll will stop. This should be, of course, 
at the point where the wings are ex- 
actly level, but only practice can tell 
you just how fast to move the stick and 
rudder. The roll can be checked more 
quickly by using full opposite rudder 
and pushing the stick ahead of neutral. 
The trouble with this procedure is that 
too much opposite rudder is likely to 
change the direction so that you will 
not be heading for your landmark; 
and too much forward stick will cause 
you to recover with your nose down in- 
stead of in the normal position. It 
might be mentioned here that the reason 
the maneuver is started with the nose 
slightly up is that the speed drops off 
during the execution. Loss of speed 
means loss of lift ; loss of lift means loss 
of altitude. By starting with the nose 
up, you are more likely to finish with 
it up enough to offset the loss in speed 
by increased angle of attack sufficient 
to compensate. 

Most of the errors you are likely to 
make have already been touched upon, 
but some will bear repeating. The most 
common fault is using the controls too 
gently during the entry. You have been 
cautioned throughout your flying career 
about violent and abrupt use of the con- 
trols and have probably built up an in- 
hibition against the manner in which 
they must be used to perform this 
maneuver correctly. You'll just have 
to swallow that inhibition if you want 
to get the real snap that indicates proper 
execution. In addition to your inhibi- 
tions, hauling back so quickly on the 
stick shows by the pressure on the seat 
of your pants that stresses arc being 
built up and the “g's” are increasing 
rapidly. This realization also tends to 
make you ease off, with consequent 


detriment to successful performance. 
Don't be afraid to yank the stick if 
your speed is down to the figure men- 
tioned. Training planes are built to 
stand just such treatment. On the other 
hand, don’t construe this to mean that 
you can haul back in a similar manner 
when you are in a 140-mile dive. 

Don't use the ailerons either going in 
or coming out, but particularly during 
the entry. They will do no good, and 
may actually slow down the snap. On 
the recovery, they will do little harm, 
but likewise will do little good. Learn 
to go through the entire maneuver with 
the ailerons in neutral and you'll have 
much better results in the end. But be 
sure that the seat adjustment is such 
that you can get the rudder all the way 
over. It is the last inch that does the 
trick. Likewise, see that the seat cush- 
ion or parachute does not interfere with 
pulling the stick back against the stop. 

As previously mentioned, you will 
probably have trouble in recovering 
with your wings absolutely level, but 
the only cure for this is practice. Per- 
fect timing of rudder and elevators is 
essential for perfect execution, but this 
is the reason the maneuver is included 
in advanced training. Otherwise it has 
no practical value. But it's lots of fun. 
When you can perform it correctly, you 
can proceed to a more difficult varia- 


Tho Split "S" 

This maneuver is often called the 
half snap roll, which is a more accurate, 
but less picturesque, name. It varies 
from the half slow roll only in that the 
first half of the maneuver, during which 
the ship is put on its back, consists of 
half of a snap roll instead of half of a 
slow roll. The second portion consists 
of the second half of a loop in either 

The split S, illustrated in Fig, 3, is 
much more difficult than the half slow 
roll because things must be done in such 
a hurry. In the half slow roll, you can 
take your time getting inverted. In the 
split S, you snap to the inverted posi- 
tion, and by the time you have the roll 
started you have to begin taking steps 
to stop it. Furthermore, in the half 
slow roll, the horizon is always in view. 
In the half snap roll, it completely dis- 
appears during the first part of the roll, 
leaving you doing a little guesswork as 
to just what the attitude of the ship is, 
until mother earth appears once more. 

There are two methods of perform- 
ing the split S. In one, the stick is 
held hard back until the maneuver is 
completed, the roll being stopped by use 
of the rudder alone. In the other, which 
is preferred by the Navy and the C.A.A., 
the stick is pushed ahead and held there 
for a second, the rudder being used at 
the same time, thus holding the ship 
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momentarily in true inverted flight. The 
only difference between the two is in 
the use of the elevators. 

Th execution of the split S is as fol- 
lows: set the stabilizer to a slightly tail- 
heavy position, throttle back, and bring 
the speed down to 85-90 m.p.h., just 
as in the full snap roil. Apply full rud- 
der and yank the stick fully back, also 
as in the snap roll. If the type first 
described is to be performed, as soon 
as the snap is felt, start applying 
opposite rudder, but hold the stick back. 
In most ships, full, or nearly full 
opposite rudder will be needed to check 
the roll, the speed of application deter- 
mining how quickly the checking occurs 
and whether the roll stops when you 
are exactly inverted, or before, or after. 
If your timing is correct, the ship will 
stop rotating when you are exactly in 
the level, inverted position, and the 
half-loop will be completed without any 
sensation of hanging on the belt, and 
your speed will never exceed 90 m.p.h. 
But you’ll have to be fast with that 
rudder. Otherwise you will go past the 
inverted position and perform a sloppy 
maneuver. As soon as the rotation stops 
—or even a fraction before — get the 
rudder back to neutral, and don’t waste 
any time about it. You will find that 
throughout this maneuver your control 
movements will have to be quicker than 
in any other. That is one of the reasons 
it is so valuable for training. A per- 
fect split S is one of the most difficult 
little tricks in your whole course of 
acrobatics, and chiefly because of the 
quick reactions required. 

The second type is begun just as that 
described above. However, instead of 
full opposite rudder when the snap is 
felt (or when the ship has rolled 


through about 90 deg.), the rudder 
should be brought only to neutral, or 
a little past. When the wings are within 
about -45 deg. of being level in the in- 
verted position, or, in other words, 
when the amount of roll is about 135 
deg., move the stick slightly ahead of 
neutral, hold it there a second or two, 
then bring it straight back as far as it 

In both of these types, it is desirable 
to close the throttle as soon as the ship 
is inverted, so that the speed will be 
kept as low as possible during the ver- 
tical dive that precedes complete re- 
covery. Needless to say, as soon as level 
flight is resumed, the stick should be 
eased ahead to neutral and the throttle 
returned to the cruising position. 

The chief error you are likely to make 
is being too slow. Until you have tried 
the maneuver, you will not appreciate 
how fast you have to be. You will also 
be glad you have become familiar with 
unusual attitudes of the airplane and 
are not disconcerted by them, for re- 
laxation is of great importance. Other 
errors are leaving opposite rudder on 
too long, which will change the direc- 
tion of the nose so that you will not be 
pointing at 180 deg. to your original 
direction, and will cause an inverted 
skid; not leaving opposite rudder on 
long enough, which will allow you to 
roll past the inverted position; apply- 
ing opposite rudder too soon, which will 
keep you from rolling a full half-revo- 
lution ; applying opposite rudder too late 
which will allow you to roll too far. 
You may also be careless when doing 
the second type and not get the stick 
far enough ahead. This fault will allow 
you to pick up too much speed in the 
dive. The same thing will happen if 


you don’t close the throttle quickly 
enough. 

As a final word, you must remember 
that as in all rolling maneuvers, the 
ship will rotate more easily to the left 
than to the right, due to the effect of 
torque. Such being the case, you will 
have to begin checking the half roll 
sooner when you are doing a left roll 
than when you are rolling to the right. 
Also, remember the warning we gave 
you about diving out at high speed. If 
you get balled up — as you are likely 
to do on your first few attempts, don’t 
try to pull out. Glide inverted until 
you have gotten your bearings, then 
roll out, climb back to a safe altitude, 
and try again. 

This maneuver is called the “cart- 
wheel” by the Navy, and has also been 
referred to as the "reversement" and 
the “renversement.” For our purposes, 
plain "reverse” will do, since it is quite 
descriptive. However, the "vertical” 
part of the name is not so descriptive 

formerly performed from a vertical 
bank, hence the name. Now, the initial 
bank is about 45 deg. or a little more, 
and the maneuver consists of part of a 
snap roll from such a bank to a bank 
of equal amount in the opposite direc- 
tion. If by this description we have 
succeeded in getting you completely 
confused, let us hasten to put it in some- 
what more lucid language. Let's as- 
sume that you are making a turn to 
the right with a bank of about 45 deg. 
By proper manipulation of the .controls, 
you snap roll the ship into a left bank 
of 45 deg. and continue by making a 
turn to the left. Does it sound easy? 
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America’s Outposts of Security 
and Defense . . . 

Do you know where they are? How far away? How they are 
reached? Important facts for every American citizen 
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Well it isn’t. That’s why it has been 
held back until near the end of your 
course. It's not even easy to illustrate 
pictorially, but we’ve done our best in 
Fig. 4. 

There are two ways of executing the 
maneuvers. If you are ready, we’ll try 
the first. Put the ship in a right turn 
with a bank of 45 deg. and the throttle 
set at the cruising position or a little 
less. Tighten the bank until the air- 
speed drops to about 80 or 85 m.p.h. 
Then apply plenty of top rudder and 
pull the stick straight back, the nose 
will rise, the horizon will disappear, 
and the ship will flop over into a left 
bank. The trick is to get the stick 
and rudder back to neutral so that the 
left bank will also be 45 deg. If you 
are too slow, you will fall off into a 
beautiful left spin. However, if you 
neutralize the controls just as the left 
wing starts to drop, you will come out 
about right, but at somewhat reduced 
speed. This means that you will have 
to fly through perhaps a full 360 deg. 
before you have speed enough to try it 
in the opposite direction, for unless the 
airspeed is showing at least 70 m.p.h. 
there’s litle use to try it. Even this is 
mighty low, for so much speed is lost 
in the quarter roll that you will be 
only a little above stalling when you 
get over to the other side. When per- 
formed in this manner, the maneuver is 
very hard to control; that is, it’s ex- 
tremely difficult to flop over to exactly 
the same degree of bank (to the opposite 
side) as you had originally. Hence the 
second method of execution is preferred. 

In this second type, the ship is put 
into a 45 deg. bank as before. (Let’s 
assume it's a right bank). The bank 
is tightened up in the same way, but 
this time as you apply left rudder, don’t 


use quite so much. Pull the stick back, 
but not quite so far, and — here comes 
the chief point of difference — apply 
plenty of left aileron. As the nose goes 
“over the top," neutralize the rudder 
and let the stick go forward to neutral, 
at the same time neutralizing the aile- 
rons. Then back pressure is again 
applied to maintain the left turn. This 
stick movement is referred to by some 
pilots as “sweeping out the cockpit.” 
If you will study the path of the top of 
the stick you will see that it is in the 
shape of a flattened circle, or a rectangle 
with rounded corners. 

Now neither one of these methods 
seem to involve any very -complicated 
procedures, do they? Nevertheless, you 
will find that the most careful timing is 
necessary if you are to do the maneuver 
smoothly and perfectly, coming out with 
just the right amount of bank and with 
speed enough to permit your repeating 
the reverse in the opposite direction by 
the time you have made about 90 deg. 
of the turn. Your chief faults will be 
first, a tendency to hurry; and second, 
strange as it may seem at this late date, 
overcontrol. Take your time, keep re- 
laxed, and use too little rather than too 
much control, increasing as it seems 
necessary. Only two things can happen 
(beyond general inaccuracy, of course). 
If you don’t use enough control, you 
simply won’t flop over. If you use too 
much, or leave it on too long, you'll 
spin. Neither of these eventualities is 
anything to worry about. Lead with 
the rudder rather than the stick, as this 
will start the roll and lessen the tendency 
to stall. And you won’t need to pull 
the stick hard back, especially in the 
second or “controlled” type. You are 
likely to become very annoyed at this 
maneuver until you learn it, because it 


seems so ridiculously easy and yet you 
have a heck of a time performing it 
smoothly. But keep plugging at it and 
you’ll find eventually that you will won- 
der why it ever seemed hard. 


This maneuver, illustrated in Fig. 5, 
was developed during the first World 
War by the German pilot after whom 
it was named. It is a combat maneuver, 
by means of which altitude is gained and 
direction of flight reversed simultane- 
ously — or practically so. In a ship with 
relatively high horsepower, it presents 
no difficulties, but in the average train- 
ing plane, it calls for keen judgment of 
speed, good timing, and good orienta- 
tion. In effect, it is simply the reverse 
of the half slow roll. In other words, it 
is a half loop, followed by a half roll. 
However, the difficulty, in a low-pow- 
ered ship, lies in the fact that the half 
roll is done at the top of the loop, 
when the air speed is lowest and hence 
the ailerons least effective. 

The maneuver is executed as follows : 
dive until considerable excess speed has 
been attained. In trainers of the Waco 
type, about 145 m.p.h. is desirable. In 
others, such as the Fairchild, even 160 
is not too much. Before beginning the 
dive, it is desirable to select some out- 
standing object on the horizon, directly 
behind you. A cloud of unusual shape 
and near the horizon is as good as any- 
thing. The next best choice is our old 
familiar straight road, which will serve 
as a check, though not so much as a 
guide. Ease the throttle back during the 
dive, so as to keep the r.p.m. within 
the proper limits. 

Ease the stick back and the throttle 
open as in an ordinary loop, except that 
you should feel appreciably more pres- 
sure on the seat of your pants, both be- 
cause of the increased speed and because 
the loop should be pulled a little tighter 
than the normal loop. Just before the 
absolute peak of the loop is reached, or, 
in other words, when the nose is still 
somewhat above the horizon, ease the 
stick forward of neutral, apply full 
aileron without delay, with a tap of 
opposite rudder on the same side as the 
ailerons. As the ship rolls into nor- 
mal flight, ease back on the stick 
enough to keep the nose slightly up so 
as to prevent undue loss of altitude 
or settling. Remember that the speed 

is at this point quite low, and it is 
necessary to maintain a fairly high 
angle of attack to compensate for this 
condition. Your nose should be point- 
ing directly at the object you selected 
on the horizon, or else you should be 
flying directly parallel to the road, but 
at 180 deg. to your original direction. 
As soon as normal speed has been re- 
sumed, ease throttle to cruising. 

(Turn to page 176 ) 
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T HE Civilian Pilot Training Program has al- 
ready trained 50,000 pilots. The annual goal 
of 45,000 pilots is being achieved. By bending 
every facility, the fast expanding light plane in- 
dustry is producing the ships that make possible 
the training of this vast reserve of potential 
Army and Navy pilots. An energetic group of 


companies has been given a big job to do and is 
doing it well. 

Every month, production totals of Franklin- 
powered trainers set new records. Franklin is 
proud to contribute to the growing girth of Uncle 
Sam’s muscles by building newer and finer 
power plants in ever increasing numbers. 


AIRCOOLED MOTORS C O R P O R AT I O N ★ S Y R A C US E, N . Y. 


Stacking Delays 

'Continued from page 158) 


Recommended procedures are either a 
4 min. timed turn to the left if holding 
at 2,000 or 3,000 ft., or a procedure 
turn started 3 min. south of Coney 
Island if holding at 4,000 ft. The ad- 
vantage of the latter maneuver if the 
flight is originally at 4,000 ft. is that 
it allows approximately 8 or 9 min. 
before returning to Coney Island dur- 
ing which clearances should normally 
be received to 3,000 and 2,000 ft. 

It is almost axiomatic that no pro- 
cedures ever work out as successfully 
in practice as on paper. This is true 
also of those just described. The 
strategic plan of each appears well con- 
ceived for the purposes it is designed 
to accomplish ; the tactical execution of 
these plans, however, leaves something 
to be desired. 

While the new Chicago approach and 
holding procedures represent a real ad- 
vance over former procedures, they can- 
not be considered more than partial 
answer for expediting traffic in instru- 
ment weather. The advantages offered 
are due largely to the radical revisions 
made in holding and approach proce- 
dures plus the possibility of straight-in 
approaches from the southeast by use 
of the Ashburn marker. No attempt 
has been made to speed up communica- 
tions procedure by use of a direct com- 
munications system as at LaGuardia. 

Likewise, the maximum theoretical 
advantages of the new system cannot 
be realized in practice due to the lay- 
out of the range facilities. The pres- 
ence of a 500 ft. gas tank 2 miles south- 
east of the airport and alongside the 
approach leg has necessitated that the 
Ashburn marker be placed slightly too 
close to the field for a normal descent 
from 1,610 ft. This situation practically 
excludes the possibility of landing di- 
rectly out of an approach unless a fairly 
strong northwest wind prevails. In ad- 
dition, the area of the marker's visual 
signal is so limited that it is very easily 
missed if a pilot is even slightly out of 
position. If several flights are planning 
Ashburn approaches at close intervals 
a miss of the marker by one flight will 
usually mean that all flights following 
it will not be allowed to make an Ash- 
burn approach but must hold their alti- 
tude across the range station to Wilson 
and make their approach from that 
point. Obviously also, when A.T.C. 
holds are necessary the Ashburn ap- 
proach cannot be used since it would be 
impractical to be making approaches 
from two directions under the existing 
system of control. The disadvantage 
of the approach from Wilson is that 


the intersection itself is located too far 
from the range station. If it were 
closer, the time interval between suc- 
cessive approaches could be materially 
reduced. 

After a trial of approximately six 
months it seems from pilot reports that 
Range Control operation at LaGuardia 
is still far from satisfactory. While 
in theory, it appears to offer a logical 
answer to traffic delay, technical diffi- 
culties have radically interfered with 
its efficiency in practice. 

One serious source of trouble is the 
unsatisfactory character of the La- 
Guardia range itself. A pronounced 
bend in the northeast leg just south of 
the Port Chester marker has rendered 
straight-in approaches from this direc- 
tion sufficiently uncertain as to make 
the standard procedure preferable. The 
southwest leg is also difficult to follow 
due to a bend between Coney Island 
and the range station plus multiple 
courses and bends south of Coney 
Island. Experiments, however, indi- 
cate that relocation of the range sta- 
tion may improve this situation. 

Pilot reports also indicate that the 
experimental system of direct com- 
munication has been unsatisfactory in 
practice. Even with favorable condi- 
tions inbound flights are experiencing 
difficulty in making contact with Range 
Control at a reasonable distance from 
the airport. It appears that Range 
Control radio facilities are weak in out- 
put of signal as well as uncertain in 
operation. Possibly personnel trouble 
both on the ground and in flight is 
partially responsible for some of the 
difficulty being experienced as numer- 
ous reports have been received of devia- 
tions from the proscribed procedures. 
The net result is that pilots are tend- 
ing to be distrustful of the whole 

While most of the troubles being ex- 
perienced with Range Control seem 
remediable, delay in doing so may 
Anally result in abandonment of the 
whole idea. Considering the possibility 
it offers of as many as 15 landings per 
hour in instrument weather instead of 
5 this would be a serious setback to 
efficient traffic control. 


Acrobatics 


will probably stall, or rolling too late, 
which brings you out in a dive, and re- 
sults in nothing more than a poor 
imitation of half of a Cuban eight. Still 
another error is not using full aileron 
or not applying it quickly enough. When 
you have decided it is time to start the 
roll, don't waste any time doing it. 

A perfect Immelman is one of the 
showiest and at the same time, for 
combat work, one of the most valuable 
maneuvers. Practice it until you can 
do it perfectly. 

This is the last of the maneuvers 
you need to know. Once more let us 
caution you to check your ship, your 
'chute, and the tightness of vour belt; 
to maintain a minimum of 3,000 ft.; 
and to take an instructor with you. 
And with this we leave you, knowing 
that if you have carefully followed the 
dope we've tried to hand you, you too 
will say that acrobatics are easy. 


Window Shopping 



( Continued from page 174) 


Multiple V-Bclt Drive Data— Comprehensive 

scat* ate * srAstn, 


Your most likely error at first will 
be to reach the peak of the loop without 
enough speed to do a decent roll. In 
this case you will wallow over rather 
than roll. Another common fault is roll- 
ing too soon, in which case you will 
come out with your nose 'way up and 
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AIRPLANE MANUFACTURING 

Chief Engineer Factory Aircraft 

Sheet Metal Worker Worker 
Aircraft Machinist Fabric Worker 

Final Assembly Pattern Maker 

Worker Die Maker 

Wing Worker Lead Man 

AIRPLANE TRANSPORTATION 


Dispatcher 
Station Manager 

Reservation Agent 

Meteorologist 
Pilot 
Co-Pilot 
Chief Pilot 
Traffic Control 


Traffic Agent 
Traffic Manager 
Salesman 
Maintenance 
Mechanic 
Line Mechanic 
Airplane Welder 
Parachute Rigger 
Airway Propeller 
Mechanic 

Airport Machinist 



Trains You 
for Leadership in 
Commercial Aviation 
From the Ground Up! 


H ave you charted your course for your future in commercial 
aviation? 

Have you looked at the many varied demands of commercial 
aviation for trained men? 

The commercial aviation industry is interested in flying and 
mechanical skills, of course — but of greater importance is a 
solid foundation of fundamental principles. 

Advancement to leadership in the business of aviation requires 
thorough preparation training from the ground up, a knowledge 
of fundamentals that leads to success. That's why, today, there 
are Parks graduates in each of the important positions listed 
here. Their foundation training prepared them for leadership. 

A glance at the chart shows you some of the many phases of 
commercial aviation. The opportunities are many — but your 
future success depends on the type and thoroughness of your 
training. That’s why Parks courses provide you with a college 
education majoring in aviation — executive training including a 
broad educational background in addition to essential technical 
skills. Parks teaches you the why as well as the how — develops 
your ability for independent thinking in the solving of 

new problems. 

To be eligible for admission to Parks Air College, you 
must be a graduate of an accredited four-year high school 
•r equivalent preparatory school, with a ranking in the 
upper two-thirds of your class. 

Look beyond your first job in commercial aviation — 
plan your course for the future now. The coupon below 
will bring you full information on each of Parks four 
courses: Professional Flight and Executive, Aviation 
Operations and Executive, Maintenance Engineer- 
ing and Aeronautical Engineering. For all the facts 
on the advantagesof Parks training for leadership, 
send the coupon or a postcard request today. 


PARKS AIR' COLLEGE was founded 

lions 1938. issuedby theUniled^UIei 
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Save a Penny and Lose a Life? 

. . . that's no Bargain! 


* Of course it isn’t. And yet, that’s the exact risk you take 
— to say nothing of the plane and its mission — when you use 
aircraft magneto contact points of unproved value. 

* But there’s another reason why such critical aircraft mag- 
neto manufacturers as Bendix-Scintilla specify AERALLOY 
contact points: The same unfailing precision that has made 
AERALLOY the choice of the Army, the Navy and every 
major airline in America, makes AERALLOY the choice of 
the production line. The refining, the assaying, the skilled 
tooling — and each of the 18 operations in producing 
AERALLOY means faster assembly and fewer headaches. 


★ You’ll prefer AERALLOY — the aircraft magneto con- 
tact point that represents so much more than a mere combi- 
nation of metals to meet a formula. You’ll also prefer Wilco 
Thermometals — the thermostatic bi-metals for reliable 
temperature control or reaction from temperature change. 
Both are described in the famous 
Wilco Blue Book. Your copy is 
waiting — shall we send it today? 

The H. A. Wilson Company 

105 Chestnut St., Newark, A'. /. 

Branches: Chicago ★ Detroit 
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There are many applications 
for this low alloy steel . . . 



NAX 

High Tensi le 

in Airplane Manufacture . . . 


Because it is possible to reduce weight without sacrificing 
strength, N-A-X HIGH TENSILE is being tested for many 
important aviation parts and products. 

A factor of particular importance to aircraft engineers is the 
very high resistance N-A-X HIGH TENSILE has to impact 
and fatigue, both at normal as well ns at sub-zero tempera- 
tures. This means that parts and products fabricated of 
N-A-X HIGH TENSILE have unusually high resistance to 
shocks and stresses — will operate at high efficiency in all 
kinds of weather conditions with lower maintenance and 

FABRICATION— N-A-X HIGH TENSILE can be formed 


readily, either hot or cold, with all the ease and speed of mild 
carbon steel — it goes through each phase of manufacturing 
smoothly, easily, quickly and economically. Its superior 
ductility permits cold drawing into intricate as well as simple 
shapes. And because of its extremely high ductility, finished 
products and parts have unusually high resistance to IMPACT 
and FATIGUE, at very hot or sub-zero temperatures. It 
possesses excellent welding properties and has good resistance 
to both corrosion and abrasion. 

A Great Lakes engineer will be glad to show you how you 
can use N-A-X HIGH TENSILE to advantage. Write, wire 
or telegraph for one today. 


LIST OP PRODUCTS 

Hot Rolled Strip (down to l inch wide) . . . Hot Rolled Strip Sheets (up to 91 inches wide) . . .^Spring Steel (carbon and alloy) . . . Merchant 


GREAT LAKES STEEL CORPORATION— DETROIT, MICHIGAN 


Sales Offices in Principal Cities 
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division of 


NATIONAL STEEL CORPORATION 

Executive Offices , Pittsburgh, Pa. 
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Everything 


The Tau It Tinders at Work 


VOICES AERO ENGINE FILTER 


VOICES FILTER 
FOR AERO ENCINE 
AND HYDRAULIC 
CIRCUITS 


Vk—S 


RATION EXPERTS 


American and Canadian Agent: 
E. Cantin, 101 Park Av„ New York 



YES . . . and wherever you may go you will find Cessnas 
getting the job done for their owners. Because of their 
30-year-old record of satisfactory performance Cessnas 
have won recognition by Military Authorities and are doing 
their stint for the Democracies. 
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The 7000th Piper Trainer is also Powered by Continental 
In addition to these 7000 trainers / more than 1500 
Coupes and Cruisers by Piper are now in flying service 





I_l o wer-cost plane "housing" is yours in timber . . . 
TECO Timber Connectors permit a smaller quantity ot 
low-cost timber to build stronger, wider-span hangar 
trusses than ever before. The result is a plane shelter 
quickly produced with economical local labor and 
materials. 

Because they strengthen joints, TECO Connectors permit 
timbers to do more work. Hangars in wood from 30 to 
150-foot span are now available for all types of planes 
. . . Recent bids demonstrated savings of from 15 to 25% 
in the first cost of TECO wood-framed hangars. 

Working drawings for four standard timber hangars, 
designs approved by the CIVIL AERONAUTICS 
AUTHORITY, are available to prospective hangar 
builders at NO COST. 

Plans range from a 47'. multiple-section hangar for small 
planes to a lOO'xlOO' hangar. There are two intermediate 
sizes — 60'x60‘ and 80'x80'. These drawings are com- 
plete and ready for use. They offer an opportunity to 
secure actual construction costs. 


GAA APPROVED PLANS me 


(ABOVE) Summerbell Roof Structures. Los 
Angeles, built this 102' span timber hangar 
for Cal-Aero Corporation, Oxnard, Califor- 
nia, and three others like it all within 40 
calendar days. . . . Best guaranteed time 
for erection of these hangars with another 
material was 90 calendar days. 


TIMBER ENGINEERING COMPANY INC. 





DELCO 


Explosion-Resistant Engine Pump Motor 


The fast fighter and pursuit planes of 
today no longer depend on the pilot’s 
right arm for fuel pressure for starting 
and emergencies. Manual operation has 
been replaced by pumps driven by 
lightweight, dependable electric motors 
... a mechanical source that conserves 
the pilot’s strength and releases his 
attention for other matters. 

Already coming off the line in volume 
production, Delco engine pump motors 


and other Delco explosion -resistant 
motors for aircraft fuel pump applica- 
tions conform to the latest military air- 
craft requirements. They are lightweight, 
compact, dependable. 

Delco Products' engineering, research 
and manufacturing facilities are “on 
call” to give manufacturers every assist- 
ance in the solution of electric motor 
problems for aircraft applications. 



W 


products! 


MOTORS 


MOTORS CORPORATION 



frp DIMPLING 

put a PUNCH in your production line 



D impling is no problem 

. . . neither is production 
line riveting ... in the plant 
that is adequately equipped 
with CP Compression Rivet- 
ers-Dimplers and CP One- 
Shot Riveters-Dimplers. 


For Dural rivets from Vs" 
to %" there are six models of 
CP Compression Riveters — 
double purpose tools which 
are ideal for dimpling. For 
riveting and dimpling on 
production lines there are 
CP Stationary One-Shot 
Riveters and Dimplers, han- 
dling 3/16" and Vi" Dural 
rivets. 


For further data on the 


CP One-Shot Riveting Hammer and Dim- 
pling Machine; available with 15", 24" or 
36" arms; for 3/16" or Vi" Dural Rivets; 
uses standard CP 209 or CP 207 One-Shot 
Riveting Hammers. 


world's largest line of avia- 
tion tools write for Booklet 
SP 1851 and supplementary 
data. 



Alligator Type 





CHICAGO PNEUMATIC 

TOOL COMPANY 

SALES OFFICES AND SERVICE STATIONS THROUGHOUT THE WORLD 



Experimental 


Some 155 million years ago nature turned aviation de- 
signer and brought out a few experimental “ships” that 
would make even the wildest of freak designs look con- 
servative by contrast. These forerunners of the birds, 
known as pterodactyls, had reasonably efficient wings; 
but, as we can see from their muscle arrangement, they 
were hopelessly underpowered. Their slow, reptilian 
muscles were not equal to the task of getting them off the 
ground readily, and it is more than likely they had to 
climb a tree or cliff in order to take off. So eventually 
Dame Nature charged them off as experimental and 
turned to higher-powered forms of aerial life. 

For flight, whether animal or man-made, is basically 
linked to power. Through steady improvements in fuels 
and engines, aviation engineers have in a few short years 
paralleled nature’s progress of the ages. And today the 
need for more and more power from each pound of en- 
gine, each gallon of fuel, becomes increasingly urgent. 

It is to assist in the acceleration of this progress that 
the engineers of the Ethyl Gasoline Corporation work in 
close cooperation with aviation technologists. Already a 
program of continuous research has developed a great 
deal of useful data. Some of this information is im- 
mediately applicable. Much of it will be 
of greatest value in the days to come. 

All of it is dedicated to the proposition 
that the progressive evolution of Amer- 



ETHYL GASOLINE CORPORATION, manufact.rtr tf anti-knock flmdi b , til ctmpmmits It imprtvr fitlint 
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EXAMINE any of these books 
10 DAYS ON APPROVAL 
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Widely Used for Many Jobs 

Shop superintendents in both small and large plants throughout 
the country are enthused over this remarkable Metal Cutting 
Band Saw. Its low price and high quality will astonish you. It 
is being used for cutting aluminum castings and sheets, hard and 
brass, brass sheets and tubing, cast iron, copper, cold 


rolled steel, carbon tool steel, bronze and manganese, drill rod. 
high speed steel, monel metal, nickel steel, iron sheets and bars, 
malleable iron, babbitt, bakelite and other types of molded plastics, 
asbestos, slate, transite, pipe and countless other materials too 
numerous to mention. It cuts everything from cast-iron jig and 
fixture bases V/i" and 2" thick to 
draw die segments 6" thick. 


Efficient 14" Delta 
Wood-Cutting Band Saw 


"We have three of your band saws in our foundry" says one plant 
manager (name on request). "We use them for sawing gates on 
our brass and aluminum castings. We figure that we save at least 
60% on our trimming costs by the use of these machines, due to 
their low first cost, their low upkeep, their small blade cost and 
long blade life. We don't know where we would 
find a machine that is so useful!" 





Circular giving lull details and specifications on the Delta Metal 


THE DELTA MANUFACTURING COMPANY (Industrial Div.) 
63S-G E. Vienna Ave.. Milwaukee, Wis. 

giving full specifications and details on the Metal-Cutting 
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HARRISBURG 


PRCKHGE UI1ITS 


ELECTRICAL and MECHANICAL UNITS 
BUILT TO YOUR SPECIFICATIONS 
FOR SIMPLIFIED ASSEMBLING IN 
Ijousi P noduct 


Harrisburg Drop-Forged Steel Flanges and 

- S bShJS" c “ pU ™ p “- 


Above photo- 

HARRISBURG 

STEEL CORPORATION 

HARR ISBURG, PENNSYLVANIA 


Package Units — a new forward step in 

the electronic, automatic, remote control arts 
and aviation field — may contain electrical 
and mechanical devices, mounting brackets, 
wiring assemblies, cord sets. Complete equip- 
ment for automatic operation of counting, 
weighing and dispensing machines, automatic 
control of production equipment and general 
control of electronic circuits are examples. 
Executives taking advantage of this plan free 
their organization from a maze of details, 
thus saving time, energy and costs. You lay- 
out the operating and space requirement — 
we consult with you and recommend a com- 
plete assembly to meet the required perfor- 
mance. All parts necessary for installation 
are carefully packed in an individual box 
ready for distribution to the production line. 
Simplified engineering — simplified purchasing — 
simplified production and production control — 
undivided responsibility — and real economy are 
all offered in this new PACKAGE UNIT. 


R-B-M Manufacturing Co. 


Essex Wire Corporation 






LL TUBING COMPANY 

BRIDGEPORT, Montg. Co., PA. 


The past few months have witnessed so 
many worthwhile developments in Sum- 
merill Seamless Tubing that few designers 
are aware of the new versatility of this prod- 
uct. Especially interesting and useful to 
engineers and production men are the many 
new types of tapered and formed tubes. Most 
of these effect an improvement in the 


weight-strength ratio and, in addition, weight 
savings in the fittings. There are also defi- 
nite savings in cost, weight and tooling. 

Summerill engineers and research personnel 
are available to help you solve any design 
or production problem where seamless tub- 
ing can be used to advantage. Special 
equipment, including draw benches and fur- 
naces have been installed in our laboratory 
to facilitate development of new tubing uses. 

Send in Drawings or Sketches for estimates. 
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o&(&Uv&e ^^^-HOURS ! 


Conservatively estimated TANNEWITZ DI-SAWS save 
an average of 70% of the time and cost involved in 
making inside and outside cuts on dies, shoes, templates 
and hundreds of other operations, including filing and 
polishing, to which these machines are ideally adaptable. 
In many instances they are turning out work in as little 
as ONE-TENTH of the former time required. 

To expedite production and cut costs, by all means 
investigate the tremendous possibilities these machines 
offer in tool and die making and other applications. 


The popularity of DI-SAWING 
is growing by leaps and bounds. 
Get the complete facts on the 
most highly developed DI-SAW 
on the market. Simply write for 
our DI-SAW Bulletin. 

Made by Sawing 
Machinery Specialists 
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SPERRY GYROSCOPE COMPANY, INC. 


WHAT A SPINNING TOP DOES 


P DOES yo 







THE PRESSED STEEL COMPANY 

WILKES-BARRE. PENNSYLVANIA 

BRANCH OFFICES: 337 Curlii Bldg.. Deboit: 1914 Vermont Avo.. 


Checking the bole layout of a pulley bracket for the 
rudder and aileron of a Northrop N-3PB. 



“We Can Depend On 

STARRETT TOOLS' 

"We use Starrett Tools because they are depend- 
able," says Mr. John Blackburn, inspector for 
Northrop Aircraft, Inc. "We find they always 
meet the demands of the men in the shop who 

Throughout the industry, leading plane and air- 
craft engine manufacturers rely on safe, depend- 
able Starrett Precision Tools to help them meet 
the exacting demands of modern aircraft produc- 

Write for Starrett Catalog No. 26 "V". 

THE L. S. STARRETT CO. 


World’s Greatest Toolmakers 



ATHOL • MASSACHUSETTS • U. S. A. 




START RIGHT ZZZZ 

at STEWART TECH in Now York 




WHISTLER 

Adjustable Perforating Dies 

CAN BE CHANGED AT WILL 
WITHOUT ADDITIONAL DIE EXPENSE 


OPERATES LIKE ANY 
SINGLE PURPOSE DIE 


The Perfect"Set-up” for 

PRECISION 

PERFORATING 



experience in producing I 


Heat-Treated 
ALUMINUM CASTINGS 
for Aircraft 

ALUMINUM PISTONS 



RAY DAY PISTON CORP. 

West Warren at Walton 
Detroit, Michigan 


There’s News in the Advertising Pages 

For the latest news of the products which are 
contributing to the rapid growth of flying 

Read the Advertising Pages of 
Aviation in this and every issue 
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AVIATION 


New York, N. Y. 



BENDIX- 

SCINTILLA 


of that all-important 
confidence aloft 


£ 


Steady nerves, alert senses and confi- 



is bom of confidence in its every component 
part. So it is that each rigid specification of 
material, each skilled operation and each 
minute inspection that goes into the building 
of every Bendix- Scintilla magneto, spark 
plug or radio shielding system, is a guardian 
of that all-important confidence aloft. 


SCINTILLA MAGNETO DIVISION 

BENDIX AVIATION COBPOHATION. SIDNEY. NEW YORK 

(IrauiiHEp 
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COMFORT AND PROTECTION is afforded the 
wearer of Ray -Ban, the sun glass that transmits 
useful light, absorbs glare. That's why Ray -Ban 
is the sun glass equipment preferred by Army 
and Navy fliers, airline and airport personnel. 
Write for descriptive folder. Bausch & Lomb 
Optical Co., 210 Lowell St., Rochester, N. Y. 


^ NATIONWIDE SERVICE. Specially trained factory rep- 

For detailed Information, write UNION SPECIAL MA- 
CHINE CO.. 108 N. Franklin St., Chicago. HI. 


UNION SPECIAL 


■J:l.|.lll41.ll:mgH8gWSBt 


READY NOW! LIMITED EDITION! 

THE AIRCRAFT YEAR BOOK for 1941 

The Standard Authority on American Aviation 

Edited by Howard .Vlingos 

This edition is larger and more important than ever before 

S 5.00 Po.fp.id in U S A .„d Canada Eliawhere 

Read in these hundreds of pages the current story of our “all-out” air defense program 

I I chapters covering all phases of aviation in the United States — Maps 
and Graphs — Fully Illustrated — Statistics and Reference Tables 
Directory of Manufacturers Complex Index 

AERONAUTICAL CHAMBER OF COMMERCE OF AMERICA, INC. 

30 Rockefeller Plaza New York, N. Y. 
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makes the 

DIFFERENCE 

between Mu-Switch end 
other small size milli- 
break switches ON D.C. LOADS 



Because its powerful, permanent magnet 
blows the destructive D.C. arc away from 
the contacts, this unique switch breaks heavy 
D.C. loads — over and over — without con- 
densers or other external means for contact 
protection. 

for AIRCRAFT use 



the style DAP Mu- 
Switch provides the 
answer to the 
toughest problems 
in precision switch 
application. 


These Features Tell Why 

HEAVY CURRENT ... 17 amp at 125 rolls 
D. C. 

LIGHT WEIGHT . . . only 9l/ 2 ounces complete. 

CAST ALUMINUM CASE... with standard 
%"-20 threaded hub; removable base gives 
access to large screw terminal connections. 

COMPACT SHAPE . . . |l/ 2 " wide— 3'/ 2 " long 
— 2%" high over-all — |l/ 2 " mounting centers. 

LARGE CONTACTS ... of alloys especially 
designed for D. C. service; normally closed 
single pole, single throw circuit. 

ONE PIECE SPRING . . . o f h e a t - 1 r e a t ed 

beryllium-copper. 

CLOSE MOVEMENT . . . differential as low as 
.0015" to .002"; 5/16" overtravel. 

BLOW-OUT MAGNET ... of which a leading 
aircraft manufacturer says, 

"Only the magnetic blow-out principle of the 
type DAP Mu-Switch satisfies our require- 
ments for milli-break switches to operate on 
direct current." 


YOUR SAMPLE ORDER 
FILLED WITHOUT DELAY 


MU-SWITCH 

CORP. 

CANTON— MASSACHUSETTS— U.S.A. 


PRECISION SWItCH 


CLOSE-MOVEMENT 


TODAY 

THE CALL'S FOR 



DOT Cowling Fasteners' 

ARE QUICK TO INSTALL 
. . . AVAILABLE FOR PROMPT DELIVERY 

We help you speed up two ways: ( 1 ) with a fastener 
that’s surprisingly easy to apply. (2) with immediate 
shipment on orders for reasonable quantities. 

Wherever you need a quickly-applied, tight-closing 
fastener for metal plates (curved or flat) call upon 
DOT. Strong, self-aligning, full-floating to com- 
pensate for variations in materials and punching* 
(will accommodate variations in metal thickness up 
to 1/32"). 

SELF EJECTING: Turn counter-clockwise to dis- 
engage. The pin works against the cam on the 
underside of the spring to act as an ejector. 

TEST DOT YOURSELF: Write today for sam- 
ples and engineering data . . . on yo nr company 
stationery, please. 

UNITED-CARR FASTENER CORP. 

31 Ames Street, Cambridge. Mass. 

Represented at New York. Chicago. Detroit. 

San Franriseo, Los Angeles 


AVIATION. July. 







CLIMB TO NEW ALTITUDES 
of efficiency in Production Control 





COUNTING S COMPUTING 
DEVICES 



AVIATION RELAYS 





RELAY MAKERS SINCE 1898 



ECLIPSE 

QUALITY NON-FERROUS 
SAND CASTINGS 


Manufacturers, for more than ten years, of 
high tensile Aluminum, Dowmetal (Magne- 
sium alloy) Brass and Bronze Sand Castings 
including heat treated, corrosion resistant, 
special alloys to U. S. Army, Navy and cus- 
tomer's specifications. 

A new and modern foundry, complete 
with metallurgical department and pattern 
shop, employing men skilled in the art of 
layout, inspection and finish treatments, en- 
able Eclipse Aviation to provide quality 
castings to the most exacting requirements. 


Whe RE To B UY 

NEW EQUIPMENT — ACCESSORIES — MATERIALS — SUPPLIES 


YOUR INQUIRY 
WILL HAVE 
SPECIAL VALUE 

of AVIATION. Advertisers value suchac- 
lisher. You benefit — as a user— in the 

Departmental Staff 
AVIATION 
330 W. 42 St., N. Y. 


JACOEL 
CABLE SPLICER 

For splicing Aircraft con- 
trol cables and HOIST- 
ING SLINGS. 

In use by U. S. Govcrn- 


i. JACOEL CABLE SPLICING 
EQUIPMENT CO. 

18S0 HERTEL AVENUE 


Fuses and Mountings for Aircraft 


UTTELFUSE INC. 


l. Fallen CO. 

Sle^ It^el S °lux 
, 

VnT«vi.ria5tta.‘“' 

...TITA MlklP, 

TITANINE INC. 

UNION, N. J. 

fg§ 

American Flea Ship 




THE 

Govro-nelson 


COMPANY 

1931 Antoinette Detroit, Mich. 


I. ;ulr. 



has just been published! 



JEFFERSON-TRAVIS 

Dependable 

Aircraft 

Radio Communication 
Equipment 











CLASSIFIED ADVERTISING 


Aviation s 

Market Place 

CLASSIFIED V » V ADVERTISING 

RATES: UNDISPLAYED, 10 cents a word, minimum $2.00. DISPLAYED, $6.00 per inch. Contract rates on request. 
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Colonel foVr. 311 No. 11th, s' Louis. mS. 
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AVIATION'S MARKET PLACE 


2Jeecl| Airrraft 
flitc. 

STINSON 

DISTRIBUTORS 

Telephone Garden City 3308 

ASSOCIATED DEALERS 

WHITE FLYING SERVICE, INC. 

Caldwell- Wriebt Airport, Caldwell, N. I 
Caldwell 6-1300 

R. S. I1ART AIR SERVICE 




GEORGE C. IIAVEN 

Schenectady 4-1492 

d GEORGE SCIIAAF 
^STANDARD AVIATION^ Inc. ( 
EDWARDS FLYING SERVICE 

Independence fU843 





SNYDER=/lSt=AIRCRAFT 


Seaboard Aircraft Sales 


Distributors of 

HOWARD AIRCRAFT 


° ^"'pESTER^s"" 1 

PROPELLERS 

Rnil'Kt Kl.T riKI.D 


LIBERTY 400 H>." PACKARD 300 

THE VIMALERT COMPANY, Lid. 


SEE US FOR A pproved Repai r Sto tlon 188 

INSTRUMENTS 

NEW — USED — Alt TYPES — SALES — REPAIR — INSTALLATION — COMPLETE STOCK 

STANDARD AIRCRAFT EQUIPMENT COMPANY 

Roosevelt Field Mlneple L L, N. Y. Serd eri City 


Aviation Schools 

AERONAUTICAL ENGINEERING — GROUND — MECHANICS — FLYING — INSTRUMENT 


Now . . . INSTRUMENT MEN 
NEEDED More Than Ever 




Fletcher Industrial Aircraft Training is 
based on a factory-approved pre-enroll- 
men! selection plan which determines lor 
you the advisability of spending money 
on ony training course. Nearly 4000 men 
have secured employment through -this 
training. Send for booklet today. 
Convenient Bank of America terms. 

FLETCHER 

AIRCRAFT SCHOOLS 

Oi,— 1-17 Fletcher Bid^., Burbank, Cal. 


DRAFTSMEN 


\ \ Wrilv IflwnaOUtetr lo* !’*• SacVUt 

IUESJUU00D School of Aeronautics 


AVIATION, luly. 


AVIATION SCHOOLS 



AVIATION. 









• • • • foemahd 

DARNELL 

Casters & Wheels 

(or more and belter 
material handling at 
lowest possible cost 



this FREE 
MANUAL 


Describes nearly 4000 
different types of cas- 
ters and wheels-a type 
for every industrial use. 


DARNELL CORP., LTD., long neach, oiiif, 



lo aircraft Engines with” an 
i of 99.83% and lowett ra- 

5 = 5 = ■ 

H 


AIR-MAZE CORPORATION 

AIR-MAXI 


36 N. CLINTON, CHICAGO • 60 WALKER ST„ NEW YORK 


AIRCRAFT AIR FILTERS 



B*A*30 

B * A * 30 airplane wing 
cloth, famous for its uni- 
formity^ lighter, stronger 
and more closely woven 
than other airfoil fabrics. 


WELLINGTON SEARS COMPANY 



FOR THE UNTRAINED MAN, 


IT’S ALWAYS 


celling 

zero"! 


jpriisr 







More Power 
to the 
Firing Line ! 


T HE Apache, pursuit ship built 
by North American Aviation 
Inc., and her sister ship, the 
Mustang of the RAF, have dem- 
onstrated rare speed and firing 
power in tests. Both are pow- 
ered with Allison lirjuid-cooled 
engines. 


That means they are completely 
streamlined for fast and power- 
ful action, thanks to the engine's 
in-line design, and to the hand- 
in-glove efforts of our Army and 
aircraft industry, which jointly 
developed this power plant to 
help make America's planes the 
world's outstanding performers. 


aviation. Mr . 




MAGrtk-SiOh/i 


TO MACHINE 


MUCH EASIER 


is- 

deeper cuts, vdi Less power lor equal 

without drag moved; (d) Easier handling 

>•> " 

machining equipmen . magnesium 

SKSSSS SKoid” ■»— d 

to operations. . . m,,* n™. u . s. e»>, °"- 


OF AU STRUCTURAL METALS 




Typical 1500 Watt Engine Driven 
Single Voltage Generator 


Eclipse Aircraft Accessory Equipment : 
Engine Starters, Solenoid Switches, Booster 
Coils, Control Switches, Generators and 
Control Boxes, Radio Dynamotors, Super- 
charger Regulators, Electric Retracting 
Motors, Propeller Anti-Icer Pumps, Me- 
chanical De-Icer Equipment, Air Pumps, Air 
Valves, Oil Separators, Hydraulic Pumps, 
Ammunition Rounds Counters and Con- 
tactors, Synchroscope, Fuel Flowmeters, 
Seamless Flexible Metal Hose, Ordnance 
Equipment, Magnesium, Aluminum and 
Non-Ferrous Sand Castings. 


W ORKING to standards of dimension, weight and balance so fine 
that human sight and touch cannot even perceive them, Eclipse 
inspection technicians have had to "commandeer" the delicate instru- 
ments and apparatus of the scientific laboratory. Thus Science supports 
Skill in the rigid maintenance of Eclipse Precision, from raw material 
to finished product. 

The "Gisholt Dynetric Balancer" for balancing rotating parts both 
statically and dynamically— "The Brush" Surface Analyzer for measuring 
in millionths of an inch the smoothness of a machined surface — the "Tool- 
maker's Microscope" for optical measurement of thread forms — these 
are only a few of the many instruments utilized for the maintenance of 
Eclipse Quality Standards. 

ECLIPSE AVIATION 

DIVISION OF BENDIX AVIATION CORPORATION 

BENDIX, NEW JERSEY, U. S. A. 


